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➨ 1❶ ⥴ㄽ 
 
 ࡀࢇ἞⒪ࡢ⮫ᗋ࡟࠾࠸࡚ࠊ໬Ꮫ⒪ἲ࡟⏝࠸ࡽࢀࡿᢠࡀࢇ๣ࡀḟ➨࡟ࡑࡢ᭷ຠ
ᛶࢆኻ࠺⌧㇟ࡣᗈࡃㄆࡵࡽࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞⌧㇟ࡣ⸆๣⪏ᛶ࡜࿧ࡤࢀ࡚࠾
ࡾࠊᝈ⪅⮬యࡢ⏕య཯ᛂ(௦ㅰࡸ᤼ἥࢆྵࡴᢠࡀࢇ๣ࡢయෆືែࠊᢠࡀࢇ๣ࡢ
฿㐩ᛶ࡞࡝)ࡸࠊࡀࢇ⣽⬊ࣞ࣋ࣝࡢ⏕໬Ꮫⓗኚ໬(᢬ᢠᛶࢆ♧ࡍ㑇ఏᏊࡢ⋓ᚓࠊ
⸆๣⪏ᛶ⣽⬊ࡢ㑅ู࡞࡝)࡟ཎᅉࡀ࠶ࡿ࡜ゝࢃࢀ࡚࠸ࡿ 1-3)ࠋᚋ⪅ࡢ⏕໬Ꮫⓗኚ
໬ࡢ࣓࢝ࢽࢬ࣒࡜ࡋ࡚ࡣࠊձ⣽⬊⭷࡟Ꮡᅾࡍࡿ⸆๣᤼ฟάᛶࡢྥୖࠊղ⸆๣ᶆ
ⓗࢱࣥࣃࢡ㉁ࡢቑᖜࠊճ⸆๣άᛶ໬ᶵᵓࡢపୗࠊմ⸆๣࡟ࡼࡿ㞀ᐖಟ᚟ᶵᵓࡢ
ྥୖࠊյ⸆๣୙άᛶ໬ᶵᵓࡢஹ㐍ࠊ࡞࡝ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ㏆ᖺࡀࢇᝈ
⪅ࡢ⏕య཯ᛂࡢኚ໬ࡢ౛࡜ࡋ࡚ࠊࡀࢇ⤌⧊୰ࡢࡀࢇᖿ⣽⬊ࡢᏑᅾࡀᣦ᦬ࡉࢀ࡚
࠸ࡿ 4-6)ࠋࡇࢀࡽࡢࡀࢇᖿ⣽⬊ࡣࠊ௚ࡢ㠀ࡀࢇᖿ⣽⬊࡜ẚ㍑ࡋ࡚⸆๣⪏ᛶ⬟ࡀ
㧗࠸ࡓࡵࠊᢠࡀࢇ๣἞⒪࡟ࡼࡾ㑅ᢥⓗ࡟ࡀࢇ⤌⧊ෆ࡛⏕Ꮡࡋᚓࡿࠋ⤖ᯝ࡜ࡋ࡚ࠊ
ᢠࡀࢇ๣࡟ᑐࡋ࡚⪏ᛶࢆ⋓ᚓࡋࡓࡀࢇ⣽⬊ࡀቑṪࡋࠊ෌Ⓨ࠾ࡼࡧ἞⒪ࡢᅔ㞴ࡉ
ࡀ኱ࡁࡃ࡞ࡿࠋ 
ᮏㄽᩥ࡛ࡣࠊࡇࢀࡽࡢࡀࢇ໬Ꮫ἞⒪࡟࠾ࡅࡿᢠࡀࢇ๣ࡢ⪏ᛶ໬࡟ᑐࡋ࡚ࠊ᪂
ࡋ࠸་⏝ᕤᏛⓗ࢔ࣉ࣮ࣟࢳ࡜ࡋ࡚ࠊ⫢ࡀࢇ⣽⬊ࡢ୕ḟඖ㸦3D㸧ᇵ㣴࡟ࡼࡿ⸆๣
⪏ᛶ⌧㇟ࡢ in vitro࡛ࡢ෌⌧࡜ࠊࡑࡢ in vivo࡜ࡢ┦㛵࡟ࡘ࠸᳨࡚ウࡋࠊ᪂つ࡞
⸆๣⪏ᛶඞ᭹⸆ࡢ㛤Ⓨࡢࡓࡵࡢ⣽⬊࢔ࢵࢭ࢖⣔ࢆ☜❧ࡋࡓࠋࡲࡓࠊ⫢ࡀࢇ⣽⬊
୰࡟Ꮡᅾࡍࡿ⫢ࡀࢇᖿ⣽⬊ࡢࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ 㸦࣮FCM㸧࡟ࡼࡿゎᯒᡭἲࢆ
☜❧ࡋࠊ๪స⏝ࡢ࡞࠸ᢠࡀࢇ๣࡜ࡋ࡚◊✲ࡀ㐍ࢇ࡛࠸ࡿࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮
࣒㸦HL㸧࡟ࡼࡿ⫢ࡀࢇᖿ⣽⬊࡬ࡢቑṪᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ 
 
 ᪥ᮏே࡟࡜ࡗ࡚ࠊࠕࡀࢇࠖ࡜࠸࠺⑓Ẽࡣ๭࡜㌟㏆࡞ࡶࡢ࡛࠶ࡿࠋ1980ᖺ௦௨
㝆࡛⌧ᅾ࡟⮳ࡿࡲ࡛᪥ᮏேࡢṚᅉ➨ 1 ఩ࢆ⥔ᣢࡋ⥆ࡅ࡚࠾ࡾࠊ୍⏕ᾭ࡛ࡀࢇ
࡟⨯ᝈࡋ࡚Ṛஸࡍࡿ☜⋡ࡣࠊ⏨ᛶ࡛ 25 %(4 ே࡟ 1ே)ࠊዪᛶࡣ 15 %(7 ே࡟ 1
ே)࡜ࡲ࡛ゝࢃࢀ࡚࠸ࡿ 7)ࠋ௒࡜࡞ࡗ࡚ࡣࠊㄡࡶࡀㄆ▱ࡋ࡚࠸ࡿࠕࡀࢇࠖ࡜࠸࠺
⑓Ẽࡀࠊ⑓ែࡸ἞⒪᪉ἲ࡟ࡘ࠸࡚▱ࡽࢀࡿࡼ࠺࡟࡞ࡗࡓࡢࡣ㏆ᖺࡢࡇ࡜࡛࠶ࡿ
ࡀࠊࡑࡢᏑᅾࡣே㢮ྐ࡜ඹ࡟࠶ࡗࡓࠋࡑࡶࡑࡶࠊࡀࢇ(Cancer)ࡢゝⴥࡢ⏤᮶ࡣࠊ
ྂ௦ࢠࣜࢩࣕࡢ་ᖌ࡛࠶ࡿࣄ࣏ࢡࣛࢸࢫ(BC460㹼375 ᖺ㡭)ࡀஙࡀࢇᝈ⪅ࡢࡀ
ࢇ⤌⧊ࢆほᐹ୰࡟ࠕ࢝ࢽ(ࢠࣜࢩࣕㄒ: Carcinos)ࡢࡼ࠺ࡔࠖ࡜グ㏙ࡋ࡚࠾ࡾࠊࢠ
ࣜࢩࣕㄒࡀࣛࢸࣥㄒヂࡉࢀ࡚ࠕ࢝ࢽ(Cancer)ࠖ࡜࿧ࡤࢀࡿࡼ࠺࡟࡞ࡗࡓ࡜ࡉࢀ
࡚࠸ࡿ 8)ࠋࡉࡽ࡟᪥ᮏ࡛ࡣỤᡞ᫬௦ࡢ᭩≀࡟ࡀࢇࡢࡇ࡜ࢆグ㍕ࡉࢀ࡚࠸ࡿ᭩≀
ࡀᏑᅾࡋ࡚࠾ࡾࠊࠕᒾ(࠸ࢃ࣭ࡀࢇ)ࡢࡼ࠺࡟ᅛ࠸ሢࡀ࡛ࡁࡿ ࡜ࠖࡢ⾲⌧ࡼࡾࠊᒾ
ࢆ⾲ࡍࠕᔔ ࡢࠖᏐ࡟⑓ᆶࢆྜࢃࡏ ࡚ࠕ⒴ ࡜ࠖ࿧ࡪࡼ࠺࡟࡞ࡗࡓ࡜ࡉࢀ࡚࠸ࡿ 9)ࠋ
ຍ࠼࡚᭱ࠊ ྂࡢࡀࢇࡢ⑕౛࡜ࡋ࡚ࡣ༡࢔ࣇࣜ࢝ࡢࢫ࣮࣡ࢺࢡࣛࣥࢬὝ❍࡛Ⓨぢ
2 
 
ࡉࢀࡓ 160㹼180୓ᖺ๓ࡢࣄࢺ㊊ᣦࡢ㦵࠿ࡽ㦵⫗⭘ࡢᏑᅾࡀ☜ㄆࡉࢀࡓࡇ࡜ࡀ
ᣲࡆࡽࢀࡿ 10)ࠋࡇࡢ஦ᐇࡣࠊࡀࢇⓎ⑕ࡢࢺ࣮ࣜ࢞ࡣே㢮㐍໬ࡢṔྐ࡟࠾࠸࡚ึ
ᮇ࠿ࡽయ࡟ᇙࡵ㎸ࡲࢀ࡚࠸ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋࡇࡢࡼ࠺࡟ே㢮ྐ࡟࠾࠸࡚ࠊ
ࡋࡤࡋࡤ㢦ࢆな࠿ࡏ࡚࠸ࡓࠕࡀࢇࠖ࡜࠸࠺⑓ẼࡣࠊࡑࡢᏑᅾࢆ♧၀ࡍࡿグ㘓ࡣ
࠶ࡗ࡚ࡶ⑓ែࡸ἞⒪ἲࡀ☜❧ࡉࢀࡿࡲ࡛࡟㛗࠸᫬㛫ࢆせࡋࠊ௒᪥࡟⮳ࡗ࡚࠸ࡿࠋ 
 ࡀࢇࡢ἞⒪᪉ἲ࡜ࡋ࡚ࡣࠊ୕኱⒪ἲ࡜࿧ࡤࢀࡿࡶࡢࡀ࠶ࡿࠋእ⛉⒪ἲࠊᨺᑕ
⥺⒪ἲࠊ໬Ꮫ⒪ἲ࡛࠶ࡿ 11, 12)ࠋ➨ 1࡟እ⛉⒪ἲࡣࠊᡭ⾡࡟ࡼࡾࡀࢇ⤌⧊ࡑࡢࡶ
ࡢࢆ≀⌮ⓗ࡟᤼㝖ࡍࡿ᪉ἲ࡛࠶ࡾࠊ⑓ᕢࢆ᦬ฟࡍࡿࡓࡵ࡟᏶἞ࡀᮃࡵࡿ୍᪉࡛ࠊ
ᝈ⪅⮬㌟࡬ࡢ㈇ᢸࡀ኱ࡁ࠸ࡇ࡜ࡸ㌿⛣ࡋࡓࡀࢇ࡬ࡢᑐᛂࡀᅔ㞴࡛࠶ࡿ࡞࡝ࡢ
ࢹ࣓ࣜࢵࢺࡶᏑᅾࡋ࡚࠸ࡿࠋ➨ 2࡟ᨺᑕ⥺⒪ἲ࡛ࡣࠊࡀࢇ⤌⧊┠᥃ࡅ࡚ᒁᡤⓗ
࡟ࡀࢇࢆ᤼㝖ࡍࡿ᪉ἲ࡛࠶ࡾࠊᝈ㒊ࡢษ㝖ࡍࡿࡇ࡜࡞ࡃ἞⒪ࡀᮇᚅࡉࢀࡿ୍᪉
࡛ࠊᨺᑕ⥺㞀ᐖࡸ඲㌟ᛶࡢࡀࢇ(ࣜࣥࣃ⭘࡞࡝)ࡸయࡢዟ࡟Ꮡᅾࡍࡿࡀࢇ࡟ࡣ౑
⏝࡛ࡁ࡞࠸ࢹ࣓ࣜࢵࢺࡀᏑᅾࡋ࡚࠸ࡿࠋ➨ 3࡟໬Ꮫ⒪ἲ࡛ࡣࠊᅛᙧࡀࢇ࠿ࡽ㌿
⛣ᛶ࠾ࡼࡧ඲㌟ᛶࡢࡀࢇ࡬ຠᯝࢆⓎ᥹࡛ࡁࡿ୍᪉࡛ࠊࢹ࣓ࣜࢵࢺ࡜ࡋ࡚኱ࡁ࠸
๪స⏝࡜⸆๣⪏ᛶ࡟ࡼࡾᚎࠎ࡟ຠᯝࡀⷧࡃ࡞ࡿ࡜࠸ࡗࡓࡇ࡜ࡀᣲࡆࡽࢀࡿࠋࡲ
ࡓࠊ໬Ꮫ⒪ἲ༢⊂࡛ࡣࠊ๪స⏝ࡸ⸆๣⪏ᛶࡢᏑᅾ࠿ࡽᇶᮏⓗ࡟ࡣ᏶἞ࢆ┠ᣦࡏ
ࡎࠊࡀࢇࡢ㐍⾜ࢆᢚ࠼࡚⑕≧ࢆ࿴ࡽࡆࠊ෌Ⓨࢆ㜵ࡄ࣭㐜ࡽࡏࡿ࡜࠸ࡗࡓ┠ⓗ࡛
౑⏝ࡉࢀ࡚࠸ࡿࡇ࡜ࡀ⌧≧࡛࠶ࡿ 13, 14)ࠋ 
 ໬Ꮫ⒪ἲࡢṔྐࡣࠊ௚ࡢእ⛉⒪ἲࡸᨺᑕ⥺⒪ἲ࡜ẚ㍑ࡍࡿ࡜Ṕྐࡀὸࡃࠊᢠ
ࡀࢇ๣ࡢ㉳※ࡣ๓㏙ࡋࡓ➨ 2 ḟୡ⏺኱ᡓ୰࡟⏕≀රჾ࡜ࡋ࡚౑⏝ࡉࢀࡓࢼ࢖
ࢺࣟࢪ࢙࣐ࣥࢫࢱ࣮ࢻ࡛࠶ࡾࠊ1940 ᖺ௦ࡢࡇ࡜࡛࠶ࡿ(➨ 1 ୡ௦⸆) 15)ࠋࡑࡢ
ᚋࠊᢠࡀࢇ๣ࡢ㛤Ⓨࡀ㐍ࡳࠊ1970㹼1980 ᖺ௦࡟ࡣࢻ࢟ࢯࣝࣅࢩࣥࡸࢩࢫࣉࣛ
ࢳࣥ࡞࡝⌧ᅾ౑⏝ࡉࢀࡿࡼ࠺࡞⸆๣ࡢ㛤Ⓨࡀ㐍ࡵࡽࢀ࡚ࡁࡓࠋ⌧ᅾ࡛ࡣࡼࡾᑡ
࡞࠸๪స⏝ࢆ┠ᣦࡋࡓ⭘⒆࡬ࡢ㑅ᢥᛶࡀ㧗࠸ศᏊᶆⓗ⸆ࡢ㛤Ⓨ࣭ ⮫ᗋ࡟ࡲ࡛⮳
ࡗ࡚࠸ࡿ(Table1-1)16, 17)ࠋ 
ᢠࡀࢇ๣ࡣࠊ⤒ཱྀࡲࡓࡣⅬ⁲࡟ࡼࡾయෆ࡬ᦤྲྀࡍࡿࡇ࡜࡟࡞ࡿࠋᢠࡀࢇ๣࡜
ࡋ࡚ࡢ౑⏝ᐇ⦼ࡀከ࠸ࢻ࢟ࢯࣝࣅࢩࣥ(ࢻ࢟ࢯࣝࣅࢩࣥሷ㓟ሷ, ၟရྡ: ࢔ࢻ
ࣜ࢔ࢩࣥ®)ࢆ౛࡜ࡋ࡚ࡑࡢ୍㒊ࢆ௨ୗ࡟♧ࡍ 18)ࠋࢻ࢟ࢯࣝࣅࢩࣥࡣࠊ⣽⬊㞀ᐖ
ᛶᢠࡀࢇ๣࡟ྵࡲࢀࡿ࢔ࣥࢺࣛࢧ࢖ࢡࣜࣥ⣔ᢠࡀࢇᛶᢠ⏕≀㉁࡛࠶ࡾࠊᅵተ୰
ࡢᨺ⥺⳦ࡢࢫࢺࣞࣉࢺ࣑ࢭࢫᒓ࠿ࡽศ㞳ࡉࢀࡓከ⎔⣔ࡢⰾ㤶᪘໬ྜ≀࡛ࠊࢺ࣏
࢖ࢯ࣓࣮ࣛࢮϩࢆ㜼ᐖࡍࡿࠋࢺ࣏࢖ࢯ࣓࣮ࣛࢮࡣ஧ᮏ㙐 DNAศᏊࡢ୍᪉ࡲࡓ
ࡣ୧᪉ࢆษ᩿ࡋ෌⤖ྜࡍࡿ㓝⣲࡛࠶ࡿࠋࢺ࣏࢖ࢯ࣓࣮ࣛࢮϩࡣ DNA஧㔜ࡽࡏ
ࢇᵓ㐀ࡢ୧㙐ࡢ㦵᱁ࡢ୍㒊ࢆ㛤⿣ࡉࡏࠊࡑࡢษࢀ┠࠿ࡽ DNA஧㔜ࡽࡏࢇᵓ㐀
ࡢ⤡ࡲࡾࡸࡡࡌࢀゎᾘࡋࠊ㛤⿣㒊ࢆ⤖ྜࡋ࡚ DNA」〇ࢆ⾜࠺ࠋ࢔ࣥࢺࣛࢧ࢖
ࢡࣜࣥ⣔໬ྜ≀ࡣࠊࢺ࣏࢖ࢯ࣓࣮ࣛࢮϩ࡟ࡼࡾ DNA㙐ࡢ୍㒊ࡀ㛤⿣ࡋࡓ⟠ᡤ
࡟⤖ྜࡋࠊDNA࡜」ྜయࢆᙧᡂࡋ࡚ DNAࡢྜᡂ࡜」〇ࢆ㜼ᐖࡍࡿࠋࡑࡢ࡯࠿
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࡟ࣇ࣮ࣜࣛࢪ࢝ࣝ୰㛫యࡢ⏕ᡂ࡟ࡼࡿ⣽⬊ࢱࣥࣃࢡ㉁ࠊ⣽⬊⭷㞀ᐖస⏝ࡶᢠ⭘
⒆స⏝࡟㛵୚ࡍࡿࠋࡇࢀࡽࡢ࢔ࣥࢺࣛࢧ࢖ࢡࣜࣥ⣔ᢠ⏕≀㉁ࡣࠊ๪స⏝࡜ࡋ࡚
ᚰ➽㞀ᐖࡸ㦵㧊ᶵ⬟ᢚไࢆᘬࡁ㉳ࡇࡍྍ⬟ᛶࡀ࠶ࡿ 19)ࠋ 
 
ۑࢻ࢟ࢯࣝࣅࢩࣥሷ㓟ሷ㏻ᖖ⒪ἲ 
ᅛᙧࡀࢇ(⫵ࡀࢇࠊᾘ໬ჾ⣔ࡀࢇࠊஙࡀࢇࠊ㦵⫗⭘)ࡢሙྜ 
ୗグ 1)㹼4)ࡣᝈ⪅ࡢࡀࢇࡢ㐍⾜≧ἣ➼ࢆぢ࡚་ᖌࡀุ᩿ࡍࡿࠋ 
1) 1᪥㔞ࠊ10 mg (0.2 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡉ
ࡏࠊ1᪥ 1ᅇ 4㹼6᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ7㹼10᪥ఇ⸆ࡍࡿࠋࡇࡢ
᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
2) 1᪥㔞ࠊ20 mg (0.4 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡉ
ࡏࠊ1᪥ 1ᅇ 2㹼3᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ7㹼10᪥ఇ⸆ࡍࡿࠋࡇࡢ
᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
3) 1᪥㔞ࠊ20㹼30 mg (0.4㹼0.6 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷ
ᾮ࡟⁐ゎࡉࡏࠊ1 ᪥ 1 ᅇ 3 ᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ18 ᪥ఇ⸆ࡍࡿࠋ
ࡇࡢ᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
4) ⥲ᢞ⸆㔞ࡣ 500 mg/m2(య⾲㠃✚)௨ୗ࡜ࡍࡿࠋ 
 
ᝏᛶࣜࣥࣃ⭘ࡢሙྜ 
5) ୖグ 1)㹼3)࡟ᚑ࠺ࠋ 
6) 1᪥ 1ᅇ 25㹼50 mg/m2(య⾲㠃✚)ࢆ㟼⬦ෆᢞ୚ࡋࠊ⧞ࡾ㏉ࡍሙྜ࡟ࡣᑡ
࡞ࡃ࡜ࡶ 2㐌㛫௨ୖࡢ㛫㝸ࢆ࠶ࡅ࡚ᢞ୚ࡍࡿࠋ 
7) 1᪥┠ࡣ 40 mg/m2(య⾲㠃✚)ࠊ8᪥┠࡟ 30 mg/m2(య⾲㠃✚)ࢆ㟼⬦ෆᢞ୚
ࡋࠊࡑࡢᚋ 20 ᪥㛫ఇ⸆ࡍࡿࠋࡇࡢ᪉ἲࢆ 1 ࢡ࣮ࣝ࡜ࡋ࡚ᢞ୚ࢆ⧞ࡾ㏉
ࡋࠊ⥲ᢞ⸆㔞ࡣ 500 mg/m2(య⾲㠃✚)௨ୗ࡜ࡍࡿࠋ 
 
ஙࡀࢇ(ᡭ⾡ྍ⬟౛) ࡟࠾ࡅࡿ⾡๓ࠊ࠶ࡿ࠸ࡣ⾡ᚋ໬Ꮫ⒪ἲ㸧࡟ᑐࡍࡿ௚
ࡢᢠᝏᛶ⭘⒆๣࡜ࡢే⏝⒪ἲࡢሙྜ 
8) ࢩࢡࣟ࣍ࢫࣇ࢓࣑ࢻỈ࿴≀࡜ࡢే⏝࡟࠾࠸࡚ࠊᶆ‽ⓗ࡞ࢻ࢟ࢯࣝࣅࢩࣥ
ሷ㓟ሷࡢᢞ୚㔞ཬࡧᢞ୚᪉ἲࡣࠊ1᪥㔞 60 mg/m2(య⾲㠃✚) ࢆ᪥ᒁὀᑕ
⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡋࠊ1᪥ 1ᅇ㟼⬦ෆᢞ୚ᚋࠊ20᪥㛫ఇ
⸆ࡍࡿࠋࡇࡢ᪉ἲࢆ 1 ࢡ࣮ࣝ࡜ࡋࠊ4 ࢡ࣮ࣝ⧞ࡾ㏉ࡋࠊ⥲ᢞ⸆㔞ࡣ 500 
mg/m2(య⾲㠃✚)௨ୗ࡜ࡍࡿࠋ 
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Table 1-1 ᢠࡀࢇ๣ࡢ୺࡞✀㢮 
 
  ✀㢮 స⏝ᶵᗎ ୺࡞⸆ရ 
⣽⬊㞀ᐖᛶ 
ᢠࡀࢇ๣ 
௦ㅰᣕᢠ๣ 
୺࡟⣽⬊࿘ᮇࡢ Sᮇ࡟࠾
࠸࡚DNAࡸ RNAࡢྜᡂ
ࢆ㜼ᐖࡍࡿ 
࣓ࢺࢺࣞ࢟ࢧ࣮ࢺ 
࣌ࣞࢺࣞ࢟ࢭࢻ 
࢔ࣝ࢟ࣝ໬๣ 
DNA ࡸ⣽⬊ෆࢱࣥࣃࢡ
㉁࡜⤖ྜࡋ࡚ DNA ࡢ」
〇࡜ RNA ࡢ㌿෗ࢆ㜼ᐖ
ࡍࡿ 
࢖࣍ࢫࣇ࢓࣑ࢻ 
࣓ࣝࣇ࢓ࣛࣥ 
ᢠࡀࢇᛶᢠ⏕≀㉁ 
DNA ࡟⤖ࡧࡘࡃࡇ࡜࡛
DNA ࡀ㗪ᆺ࡟࡞ࡿࡇ࡜
ࢆ㜼ᐖࡍࡿ 
ࢻ࢟ࢯࣝࣅࢩࣥ 
ሷ㓟ሷ 
᳜≀࢔ࣝ࢝ࣟ࢖ࢻ 
(ᚤᑠ⟶㜼ᐖ⸆) 
⣽⬊ෆࡢࢳࣗࣈࣜࣥ࡞࡝
ࡢ⣽⬊ෆࢱࣥࣃࢡ㉁࡟⤖
ࡧࡘࡁᚤᑠ⟶ᙧᡂࢆᢚไ
ࡍࡿ 
ࣅࣥ࢔ࣝ࢝ࣟ࢖ࢻ 
ࣅࣥࢡࣜࢫࢳࣥ 
ศᏊᶆⓗ἞⒪⸆ 
⣽⬊⾲㠃ᢠཎ ⭘⒆⣽⬊⾲⌧࣐࣮࣮࢝ࢆ
ᶆⓗ࡟ࡋࡓ἞⒪⸆(CD33
࡞࡝) 
ࢺࣛࢫࢶࢬ࣐ࣈ 
 
ቑṪᅉᏊ࣭ཷᐜయࠊ 
ࢩࢢࢼࣝఏ㐩 
⭘⒆⣽⬊ࡢቑṪࡸ㌿⛣࡟
㛵ࢃࡿ⣽⬊ෆࢩࢢࢼࣝࡸ
ศᏊࢆ㑅ᢥⓗ࡟㜼ᐖࡋࠊ
ቑṪࡸ㌿⛣ࢆᢚไࡍࡿ 
࢚ࣝࣟࢳࢽࣈ 
ࢭࢶ࢟ࢩ࣐ࣈ 
 
⣽⬊࿘ᮇㄪ⠇⸆ CD20 ࡸࣉࣟࢸ࢔ࢯ࣮࣒
࡞࡝ࡢ⣽⬊ㄪ⠇ᶵᵓ࡟ാ
ࡁ࠿ࡅࠊ⣽⬊ቑṪࢆᢚไ
ࡍࡿ 
ࣜࢶ࢟ࢩ࣐ࣈ 
㌿⛣࣭⾑⟶᪂⏕ ⾑⟶ෆ⓶⣽⬊ቑṪᅉᏊ  
(Vascular Endothelial  
Growth Factor: VEGF)࡟
ാࡁ࠿ࡅࠊࡀࢇ⣽⬊ࡢ⾑
⟶᪂⏕ࢆᢚไࡋࠊࡀࢇ⣽
⬊࡟ᰤ㣴ࡀᒆ࠿࡞࠸ࡼ࠺
࡟ࡍࡿ 
࣋ࣂࢩࢬ࣐ࣈ 
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 ࡋ࠿ࡋ࡞ࡀࡽࠊᢠࡀࢇ๣࡟ࡼࡿࡀࢇࡢ᏶඲ඞ᭹࡟⮳ࡗ࡚࠸࡞࠸⌧≧ࡀ࠶ࡿࠋ
ⓑ⾑⑓ࡸᝏᛶࣜࣥࣃ⭘࡞࡝ࡢ⾑ᾮࡢࡀࢇ࡛࠶ࢀࡤࠊ」ᩘࡢᢠࡀࢇ๣ࢆ⤌ࡳྜࢃ
ࡏࡿࡇ࡜࡛ຠᯝࡀᮇᚅࡉࢀࡿࡀ㔜⠜࡞๪స⏝ࡀฟ⌧ࡍࡿࣜࢫࢡࡀ㧗ࡃࠊᅛᙧࡀ
ࢇ࡛ࡣ἞⒵⮬యࡀ୍⯡ⓗ࡟ࡣᅔ㞴࡜ࡉࢀ࡚࠸ࡿࡓࡵࠊᘏ࿨࣭⑕≧⦆࿴ࡢࡓࡵ࡟
౑⏝ࡉࢀࡿࠋࡑࡢཎᅉ࡜ࡋ࡚ࠊᅛᙧࡀࢇ࡛ࡣෆᅉᛶࡲࡓࡣᚋኳᛶࡢ⸆๣⪏ᛶ⬟
ࡢ⋓ᚓࡀᣲࡆࡽࢀࡿࠋ≉࡟ࠊከ๣⪏ᛶ(Multidrug Resistance: MDR)ࡢᏑᅾࡣ኱ࡁ
࡞ၥ㢟ࡢ 1ࡘ࡜ࡋ࡚ᣲࡆࡽࢀࡿ 20)ࠋMDRࡣࠊࡀࢇᝈ⪅ࡢ⏕య཯ᛂ(⫢⮚࡟࠾ࡅ
ࡿᢠࡀࢇ๣ࡢ୙ά໬ࡸ௦ㅰᣕᢠ࡞࡝)ࠊࡀࢇ⣽⬊⮬యࡢ⏕໬Ꮫⓗኚ໬࡟ཎᅉࡀ
࠶ࡿ࡜ࡉࢀ࡚࠾ࡾࠊ௨ୗࡢࡼ࠺࡞࣓࢝ࢽࢬ࣒ࡀ⪃࠼ࡽࢀ࡚࠸ࡿ 1-3, 21)ࠋ 
 
ձ ⸆๣᤼ฟάᛶࡢஹ㐍 22)͐͐ᢠࡀࢇ๣ࡢ⣽⬊ෆ࡬ࡢὶධࡣཷࠊ ືᣑᩓ࡟ࡼ
ࡿࡶࡢࡔ࡜⪃࠼ࡽࢀ࡚࠸ࡿࡀࠊ⣽⬊ෆ࡬ྲྀࡾ㎸ࡲࢀࡓ⸆๣ࢆ⣽⬊እ࡬᤼
ฟࡍࡿᶵᵓࡀᏑᅾࡋ࡚࠸ࡿ(ヲ⣽ࡣᚋ㏙)ࠋ 
 
ղ ⸆๣ᶆⓗࢱࣥࣃࢡ㉁ࡢቑᖜ 22-24)͐͐DNA ࢆ┤᥋ࡢᶆⓗ࡜ࡋ࡞࠸ⴥ㓟ᣕ
ᢠ⸆ࡸࢺ࣏࢖ࢯ࣓࣮ࣛࢮ㜼ᐖ⸆ࠊᚤᑠ⟶స⏝⸆࡞࡝࡛ࡣࠊᶆⓗศᏊࡢ㔞
ࡸ㉁ࡀኚ໬ࡍࡿࡇ࡜࡛⸆๣⪏ᛶࢆ♧ࡍሙྜࡀ࠶ࡿࠋ౛࡜ࡋ࡚ࠊࣄࢻࣟⴥ
㓟ࣞࢲࢡࢱ࣮ࢮ(dihydrofolate reductase, DHFR)㑇ఏᏊࡢቑᖜ࡜㧗Ⓨ⌧ࡀࠊ
ᢠࡀࢇ๣࡛࠶ࡿ࣓ࢺࢺࣞ࢟ࢧ࣮ࢺ࡟ᑐࡋ࡚⪏ᛶࢆ᭷ࡍࡿཎᅉ࡜ࡋ࡚▱
ࡽࢀ࡚࠸ࡿࠋ 
 
ճ ⸆๣άᛶ໬ᶵᵓࡢపୗ 22, 25)͐͐ᢠࡀࢇ๣ࡢ୍✀࡟ࡣࣉࣟࢻࣛࢵࢢ࡜ࡋ
࡚ᢞ୚ࡉࢀࠊయෆ࡛≉␗ⓗ࡞㓝⣲࡟ࡼࡗ࡚௦ㅰࡉࢀ࡚άᛶ໬ࡍࡿࡶࡢࡀ
࠶ࡿࠋ౛࡜ࡋ࡚ࠊ࣐࢖ࢺ࣐࢖ࢩࣥࡸࢩࢡࣟ࣍ࢫࣇ࢓࣑ࢻ࡞࡝ࡀ࠶ࡾࠊ⫢
௦ㅰ㓝⣲ CYP 㓝⣲⩌ࡢάᛶపୗ࡟ࡼࡾࠊ⸆๣ࡀάᛶᆺ࡟࡞ࡽࡎ⸆ຠ࡟
ᙳ㡪ࡀฟࡿࠋ 
 
մ ⸆๣࡟ࡼࡿ㞀ᐖಟ᚟ᶵᵓࡢྥୖ 22, 26)͐͐࢔ࣝ࢟ࣝ໬๣ࡸ௦ㅰᣕᢠ⸆ࡢ
ከࡃࡣࠊDNA࡟┤᥋స⏝ࡍࡿࠋࡋ࠿ࡋࠊࡇࢀࡽࡢ⸆๣ࡢ⪏ᛶ࣓࢝ࢽࢬ࣒
࡜ࡋ࡚ࠊDNAಟ᚟ࡢஹ㐍(ಟ᚟࡟㛵୚ࡍࡿ㓝⣲ࡢᙉ໬࡞࡝)ࡀ㐍ࡳឤཷᛶ
ࡀపୗࡍࡿࠋ࢔ࣝ࢟ࣝ໬๣ࡢ౛࡛ࡣࢽࢺࣟࢯ࢘ࣞ࢔ࠊ௦ㅰᣕᢠ⸆࡛ࡣ 5-
FU࡞࡝࡛ಟ᚟㓝⣲ࡢάᛶࡀ㉳ࡁ࡚⪏ᛶࢆ♧ࡍࠋ 
 
յ ⸆๣୙ά໬ᶵᵓࡢஹ㐍 22, 27)͐͐యෆࡢゎẘᶵᵓ࡟㛵୚ࡍࡿࠊࢢࣝࢱࢳ࢜
ࣥ(GSH)ࡸࢢࣝࢱࢳ࢜ࣥ S-ࢺࣛࣥࢫࣇ࢙࣮ࣛࢮ(GST)࡞࡝ࡢゎẘ㓝⣲࡟
ࡼࡾࠊ࢔ࣝ࢟ࣝ໬๣ࡀᇶ㉁࡜࡞ࡿࠋ 
6 
 
 
ն ࢔࣏ࢺ࣮ࢩࢫ࡬ࡢ᢬ᢠ 22, 28)͐͐ࡀࢇࡣඖࠎࠊ࢔࣏ࢺ࣮ࢩࢫ᢬ᢠᛶࡢᙉ࠸
⣽⬊࡛࠶ࡿࡀࠊ࣍ࢫࣇ࢓ࢳࢪࣝ࢖ࣀࢩࢺ࣮ࣝ-3-࢟ࢼ࣮ࢮ(PI3K)ࡸ Aktࠊ
mTORࢆྵࡴࢧࣂ࢖ࣂࣝ⤒㊰ࡢάᛶ໬ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ 
 
 ௨ୖࡢࡼ࠺࡞࣓࢝ࢽࢬ࣒ࡢ୰࡛ࠊ⸆๣᤼ฟάᛶࡢஹ㐍ࠊ≉࡟ MDR1 ࢱࣥࣃ
ࢡ㉁(P-gp; MDR1)ࡸMDR-associated protein(MRP)ࡢࡼ࠺࡞⸆๣᤼ฟࢱࣥࣃࢡ㉁ 
࡟ࡼࡗ࡚ࠊࡀࢇ⣽⬊ෆ࠿ࡽእ࡬ࡢ⸆๣᤼ฟࡀάᛶ໬ࡋ࡚࠸ࡿ 29)ࠋMDR1ࡣ ATP-
binding cassette(ABC)ࢺࣛࣥࢫ࣏࣮ࢱ࣮ࢱࣥࣃࢡ㉁ࣇ࢓࣑࣮ࣜࡢ୍✀࡛࠶ࡾࠊ
ATPase άᛶࢆ᭷ࡋ 30,31)ࠊATP ࢆຍỈศゎࡍࡿࡇ࡜࡛ᵓ㐀ኚ໬ࢆ㉳ࡇࡋࠊᢠࡀ
ࢇ๣࡟ᑐࡋ࡚㧗࠸ぶ࿴ᛶࢆᚓࡿࡇ࡜࡛ᢠࡀࢇ๣ࢆ⣽⬊እ࡬⭷㍺㏦ࡋ࡚࠸ࡿ
ATP ౫Ꮡᛶ࣏ࣥࣉ࡛࠶ࡿ 32-35)ࠋ⸆๣᤼ฟάᛶࢱࣥࣃࢡ ㉁࡛࠶ࡿ MDR1 ࡟ࡼ
ࡗ࡚⣽⬊እ࡬᤼ฟࡉࢀࡿ⸆๣ࡣࠊࢻ࢟ࢯࣝࣅࢩࣥ(DOX)࡞࡝ࡢ࢔ࣥࢺࣛࢧ࢖ࢡ
ࣜ⣔ᢠࡀࢇ๣ࠊࣅࣥࢡࣜࢫࢳࣥ࡞࡝ࡢࣅࣥ࢔ࣝ࢝ࣟ࢖ࢻ⣔ᢠࡀࢇ๣ࠊ࢚ࢺ࣏ࢩ
ࢻ࡞࡝ࡢ࣏ࢻࣇ࢕ࣟࢺ࢟ࢩࣥㄏᑟయࡸࢱ࢟ࢯ࣮ࣝ࡞࡝ࡢᢠࡀࢇ๣ࡀሗ࿌ࡉࢀ
࡚࠸ࡿ 36)ࠋࡇࡢࡼ࠺࡞⌧㇟ࡣ 1970ᖺ௦࡟ࡣࡍ࡛࡟ぢฟࡉࢀ࡚࠾ࡾࠊࡑࡢᚋࡢ
◊✲࡟ࡼࡾ⸆๣᤼ฟࡢ㜼ᐖ࡟ࡘ࠸࡚◊✲ࡀ㐍ࡳࠊ1980 ᖺ௦࡟࡞ࡿ࡜ MDR ࡟
ࡘ࠸࡚ᗈࡃ▱ࡽࢀࠊMDR1 ࢱࣥࣃࢡ㉁࡜ࡑࡢᶵ⬟࡟ࡘ࠸ุ࡚᫂ࡋࡓࠋ1981 ᖺ
࡟᪥ᮏࡢ㭯ᑿ༤ኈࡽ࡟ࡼࡾࠊ࢝ࣝࢩ࣒࢘ࢳࣕࢿࣝ㜼ᐖ⸆࡛࠶ࡿ Verapamil(VRP)
ࡀከ๣⪏ᛶࢆ᭷ࡋࡓⓑ⾑⑓⣽⬊࡟࠾࠸࡚ᢠࡀࢇ๣ࡢ⬟ື㍺㏦ࢆ㜼ᐖࡋࠊ⸆๣ឤ
ཷᛶࢆᅇ᚟ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 37)ࠋࡑࡢᚋࠊ௚ࡢ࢝ࣝࢩ࣒࢘ࢳࣕࢿࣝ㜼
ᐖ⸆ࡸ࢝ࣝࣔࢪࣗࣜࣥ㜼ᐖ⸆࡞࡝ࡀྠᵝ࡟⸆๣⪏ᛶඞ᭹ࡢస⏝ࢆᣢࡘࡇ࡜ࡀ
᫂ࡽ࠿࡜࡞ࡗࡓࡀ 38-42)ࠊࡑࡢᶆⓗࡣ୙᫂ࡢࡲࡲ࡛࠶ࡗࡓࠋࡑࡢᚋࠊ1989 ᖺ࡟
ゎ᫂ࡉࢀࠊࡑࡢ࣓࢝ࢽࢬ࣒࡜ࡋ࡚ VRP ࡀ┤᥋ MDR1(P-⢾ࢱࣥࣃࢡ㉁)࡟స⏝
ࡋ࡚ࠊࡑࡢᶵ⬟ࢆ㜼ᐖࡍࡿࡇ࡜ࡀ▱ࡽࢀࡿࡇ࡜࡜࡞ࡗࡓ 42)ࠋVRP ࡢࡼ࠺࡞࢝
ࣝࢩ࣒࢘ࢳࣕࢿࣝ㜼ᐖ⸆࡜໬Ꮫ⒪ἲࢆే⏝ࡍࡿࡇ࡜࡛⸆๣⪏ᛶࢆඞ᭹ࡍࡿࡇ
࡜ࡣ⣽⬊࡛ࣞ࣋ࣝド᫂ࡉࢀࠊணഛⓗ࡟⮫ᗋヨ㦂ࡀᐇ᪋ࡉࢀࡓࠋ⤖ᯝ࡜ࡋ࡚ࠊ㞴
἞ᛶࡢᛴᛶࣜࣥࣃᛶᑠඣⓑ⾑⑓ࠊᝏᛶࣜࣥࣃ⭘ࠊከⓎᛶ㦵㧊⭘࡞࡝ᵝࠎ࡞㐍⾜
ᛶࡢᅛᙧࡀࢇࠊࡉࡽ࡟ᑠ⣽⬊⫵ࡀࢇ࡞࡝࡟ᑐࡍࡿ἞⒪ࡢྍ⬟ᛶࡀ♧၀ࡉࢀࡓࡀࠊ
࢝ࣝࢩ࣒࢘ࢳࣕࢿࣝ㜼ᐖ⸆࡟㉳ᅉࡍࡿప⾑ᅽࡸ୙ᩚ⬦࡞࡝ࡢ๪స⏝ࡀཎᅉ࡛ࠊ
἞⒪ἲ࡜ࡋ࡚☜❧ࡉࢀࡿࡲ࡛࡟ࡣ⮳ࡗ࡚࠸࡞࠸ࠋ⸆๣⪏ᛶඞ᭹⸆ࡢ᭷⏝ᛶࡀ♧
ࡉࢀࡿ୍᪉࡛ࠊVRP ࢆ⸆๣⪏ᛶඞ᭹⸆ࡢ➨ 1 ୡ௦⸆࡜ࡋ࡚ࠊ⌧ᅾࠊ➨ 3 ୡ௦
⸆ࡲ࡛ぢฟࡉࢀ࡚࠸ࡿࡀྠࠊ ᵝ࡟ᮍࡔ἞⒪ἲ࡜ࡋ࡚౑ࢃࢀ࡚࠸࡞࠸ࠋࡑࡢࡓࡵࠊ
᪂ࡓ࡟๪స⏝ࡢ㍍࠸⸆๣⪏ᛶඞ᭹⸆ࢆ㑅ᐃࡍࡿࡓࡵࡢࢫࢡ࣮ࣜࢽࣥࢢ⣔࠾ࡼ
ࡧホ౯⣔ࡢ㛤Ⓨࡀᮃࡲࢀ࡚࠸ࡿࠋ 
  
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ࡲࡓࠊ⸆๣⪏ᛶ࡞࡝ࡀࢇࡢᝏᛶᗘ࡟╔┠ࡍࡿ࡜㑊ࡅࡽࢀ࡞࠸ၥ㢟ࡀࠊࡀࢇᖿ
⣽⬊ࡢᏑᅾ࡛࠶ࡿࠋࡀࢇᖿ⣽⬊ࡣࠊ㏻ᖖࡢࡀࢇ⣽⬊࡜␗࡞ࡾࠊձ㧗࠸⭘⒆ᙧᡂ
⬟ຊղ୙ᆒ➼ศ⿣ճ㧗࠸⸆๣⪏ᛶ⬟ࠊ࡜࠸ࡗࡓᛶ㉁ࡀ࠶ࡿࠋ≉࡟ࠊ୙ᆒ➼ศ⿣
࡜ࡣࠊ⣽⬊ࡀ⮬ᕫ」〇ࢆࡋࡘࡘࠊ⮬㌟࡜ࡣ␗࡞ࡿᛶ㉁ࡢ⣽⬊ࢆ⏕ࡳฟࡍ(ศ໬)
≉Ṧ࡞⣽⬊ศ⿣࡛࠶ࡾࠊࡇࢀࡣᖿ⣽⬊ࡢᛶ㉁࡛ࡶ࠶ࡿࠋࡇࡢࡼ࠺࡞ࡀࢇᖿ⣽⬊
ࡢⓎぢࡣࠊ࢝ࢼࢲ࣭ࢺࣟࣥࢺ኱Ꮫࡢ John E. Dickࡽࡢࢢ࣮ࣝࣉ࡟ࡼࡗ࡚ࣄࢺᛴ
ᛶ㦵㧊ᛶⓑ⾑⑓⣽⬊ࢆච␿୙඲࣐࢘ࢫ࡟⛣᳜ࡋ࡚ⓑ⾑⑓ࢆⓎ⏕ࡉࡏࡿࡇ࡜ࡀ
࡛ࡁࡿࡢࡣࠊCD34(+)/CD38(-)ࡢศ⏬࡟Ꮡᅾࡍࡿ⣽⬊(㐀⾑ᖿ⣽⬊࣐࣮࣮࢝㝧ᛶ)
ࡔࡅ࡛࠶ࡿࡇ࡜ࢆ 1994ᖺ࡟ሗ࿌ࡋࡓ 43)ࠋࡉࡽ࡟ࠊ1997ᖺ࡟ࡣࣄࢺᛴᛶ㦵㧊ᛶ
ⓑ⾑⑓ࡢࡀࢇᖿ⣽⬊ࡀቑṪ࡜ศ໬ࢆ⧞ࡾ㏉ࡍ㐣⛬࡛ࠊṇᖖ࡞㐀⾑ᖿ⣽⬊࡜ྠࡌ
ࡼ࠺࡟㝵ᒙᵓ㐀ࢆ᭷ࡋ࡚࠸ࡿࡇ࡜ࡀࠊ⣽⬊⾲㠃࣐࣮࣮࢝ࡢゎᯒ࡟ࡼࡾド᫂ࡋࡓ
44)ࠋࡑࢀ࠿ࡽࠊ2000ᖺ௦࡟ධࡗ࡚௚ࡢᅛᙧࡀࢇ࡟ࡶࡀࢇᖿ⣽⬊ࡢᏑᅾࡀぢฟࡉ
ࢀ࡚࠾ࡾࠊ௒᪥࡛ࡣ࡯ࡰ඲࡚ࡢࡀࢇ✀࡟࠾࠸࡚ࠊࡀࢇᖿ⣽⬊ࡢᏑᅾࡀ♧၀ࡉࢀ
࡚࠸ࡿ(Table1-2)45, 46)ࠋࡲࡓᑡ࡞ࡃ࡜ࡶᵝࠊ ࠎ࡞ࡀࢇ✀࡟࠾࠸୍࡚㒊࡟ṇᖖᖿ⣽
⬊࣐࣮࣮࢝ࡢⓎ⌧ࡀㄆࡵࡽࢀ࡚࠸ࡿ 47)ࠋࡑࡋ࡚ࠊࡀࢇᖿ⣽⬊ࡢᏑᅾࡀ᫂ࡽ࠿࡜ 
 
Table 1-2 ྛ⤌⧊ࡢࡀࢇᖿ⣽⬊࣐࣮࣮࢝ 
  ⤌⧊✀㢮 ࣐࣮࣮࢝ 
ஙࡀࢇ CD44
+ , CD24-/low 
ALDH+ 
⬻⭘⒆ CD90+, CD133+ 
኱⭠ࡀࢇ CD133
+, EpCAM+ 
CD44+,CD166+ 
⮅⮚ࡀࢇ CD44
+, CD24+, ESA+ 
CD133+, EpCAM+ 
⫶ࡀࢇ CD44+ 
⫵ࡀࢇ ABCG2, CD133+ 
⫢⮚ࡀࢇ EpCAM(CD326)
+, CD133+ 
CD13+, CD44+, CD90+ 
ᝏᛶ㯮Ⰽ⭘ CD20+, ABCB5+ 
ᛴᛶ㦵㧊ⓑ⾑⑓ CD34+, CD38- 
༸ᕢࡀࢇ CD44
+, CD177+ 
CD133+ 
⭤⬔ࡀࢇ CD44+ , CK5+,CK20- 
๓❧⭢ࡀࢇ CD44+ 
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࡞ࡗࡓࡇ࡜࡛ࠊ᪤Ꮡࡢᢠࡀࢇ๣࡛ࡣࡇࢀࡽࡢࡀࢇᖿ⣽⬊ࢆ᰿⤯ࡍࡿࡇ࡜ࡀᅔ㞴
࡛࠶ࡿࡇ࡜ࡶྠ᫬࡟ุ᫂ࡋࡓࠋᢠࡀࢇ๣ࡢ୰࡛ࡶࠊศᏊᶆⓗ⸆ࡣᚑ᮶ࡢᢠࡀࢇ
๣࡜ẚ㍑ࡋ࡚ࠊ๰⸆࠾ࡼࡧ἞⒪᪉㔪タィࡢẁ㝵࠿ࡽศᏊࣞ࣋ࣝࡢᶆⓗࢆᐃࡵ࡚
࠸ࡿࡓࡵࠊ๪స⏝ࡀᑡ࡞࠸ࡇ࡜ࡀ࣓ࣜࢵࢺ࡛࠶ࡾࠊὀ┠ࡉࢀ࡚࠸ࡓ 48)ࠋࡋ࠿
ࡋࠊศᏊᶆⓗ⸆࡛ࡍࡽࠊࡀࢇᖿ⣽⬊ࡣ⸆๣⪏ᛶࢆ♧ࡍሗ࿌ࡀᏑᅾࡋ࡚࠸ࡿ 49)ࠋ
ࡑࡇ࡛ࠊࡀࢇᖿ⣽⬊ࡢ᰿⤯ࡢࡓࡵ࡟ࡶࠊቑṪ⬟ࡸ⸆๣⪏ᛶࢆᢚ࠼(ᶵ⬟ࡢᢚไ)ࠊ
ṇᖖ⣽⬊࡬స⏝ࡏࡎ(㧗࠸㑅ᢥᛶ)ࠊࡀࢇࡢᙧ㉁࡟㛵୚ࡋࡓࣂ࢖࣐࣮࣮࢜࢝ࢆࢱ
࣮ࢤࢵࢺ࡜ࡋࡓ᪂ࡋ࠸࣓࢝ࢽࢬ࣒ࡢᢠࡀࢇ๣ࡢ㛤Ⓨࡀ௒ᚋồࡵࡽࢀ࡚ࡃࡿ࡜
⪃࠼ࡽࢀࡿࠋ 
 
 ୍᪉࡛ୖࠊ ᒸ࣭ᯇᮏࡽ࡟ࡼࡗ࡚㛤Ⓨࡉࢀࡓࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒(Hybrid 
Liposome: HL) 50,51)ࡣࠊ࣋ࢩࢡࣝศᏊ(ࣜࣥ⬡㉁)࡜࣑ࢭࣝศᏊࢆࣈࢻ࢘⢾⁐ᾮ
୰࡛㉸㡢Ἴ↷ᑕࢆࡍࡿࡔࡅ࡛ᐜ᫆࡟ᚓࡿࡇ࡜ࡀ࡛ࡁࡿࢼࣀ⢏Ꮚ་⏝⣲ᮦ࡛
࠶ࡿࠋᚑ᮶ࡢ࣏ࣜࢯ࣮࣒ࡢࡼ࠺࡟ㄪ〇ẁ㝵࡛᭷ᶵ⁐፹ࢆ౑⏝ࡋ࡞࠸ࡓࡵࠊ᭷
ᶵ⁐፹ࡢΰධࡀ࡞ࡃ⏕య࡬ࡢᝏᙳ㡪ࡀᑡ࡞࠸ࠋࡲࡓࠊㄪ〇ࡢẁ㝵࡛⣲ᮦࡸ⤌
ᡂẚࢆኚ࠼ࡿࡇ࡜࡛ࠊᙧែࡸࢧ࢖ࢬ࣭┦㌿⛣ ᗘ࣭␯Ỉᛶ࠾ࡼࡧ⭷ὶືᛶࡢ
ࢥࣥࢺ࣮ࣟࣝࡀྍ⬟࡞⏕య㐺ྜᛶ࡟ඃࢀࡓ་⒪⣲ᮦ࡛࠶ࡿ 52-56)ࠋHLࡣඖ᮶ࠊ
⸆≀ఏ㐩ࢩࢫࢸ࣒(Drug Delivery System: DDS)ࡢ࢟ࣕࣜ࢔࣮࡜ࡋ࡚㛤Ⓨࡉࢀࠊ
ไࡀࢇ๣ྵ᭷HLࢆࡀࢇ⣽⬊࡟స⏝ࡉࡏࡿࡇ࡜࡛ቑṪᢚไຠᯝࢆ♧ࡋ࡚࠾ࡾ
57-59)ࠊࡉࡽ࡟ HL༢యࡢࡳ࡛ไࡀࢇຠᯝࡀ࠶ࡿࡇ࡜ࡶ in vitro60,61)࡜ in vivo62,63)
࡛᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿࠋ䜎䛯 HL 䛿䚸⏕࿨೔⌮ጤဨ఍䛷ᢎㄆᚋ䚸෌Ⓨᝏᛶ䝸䞁
䝟⭘䛾ᝈ⪅䛻ᑐ䛧䛶⮫ᗋヨ㦂䜢ᐇ᪋䛧䛯䛸䛣䜝䚸⾑ᾮ᳨ᰝ䞉⏕໬Ꮫ᳨ᰝ䛛䜙๪స
⏝䛜↓䛟䚸㧗䛔Ᏻ඲ᛶ䛜☜ㄆ䛥䜜䚸ᅛᙧ⭘⒆䛾㢧ⴭ䛺⦰ᑠຠᯝཬ䜃䚸᫂䜙䛛䛺
ᘏ࿨ຠᯝ䛜☜ㄆ䛥䜜䛶䛔䜛 64)䚹ࡑࡢไࡀࢇ࣓࢝ࢽࢬ࣒࡜ࡋ࡚ࠊṇᖖ䛺⣽⬊䛻䛿
స⏝䛫䛪䚸✀䚻䛾䛜䜣⣽⬊䠄ᙧ㉁㌿᥮⣽⬊䠅⭷䛻ᑐ䛧䛶䚸㑅ᢥⓗ䛻⼥ྜ䞉⵳✚䛧䚸
䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 65-69) (Fig.1-1)䚹䜰䝫䝖䞊䝅䝇ㄏᑟ
䛾䝯䜹䝙䝈䝮䛻䛴䛔䛶䚸௨ୗ䛾 4 䛴䛾ὶ䜜䛷㐍⾜䛩䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛶䛔䜛
(Fig.1-2)䚹䛣䜜䜙䛾ไ䛜䜣䝯䜹䝙䝈䝮䛿䚸⣽⬊⭷ὶືᛶ䛾㧗䛔䛜䜣⣽⬊䛻స⏝䛧䚸
HL 䛾ไ䛜䜣ຠᯝ䛿䚸䛜䜣⣽⬊୰䛾䛜䜣ᖿ⣽⬊䛻䜒ᢚไຠᯝ䜢♧䛩ྍ⬟ᛶ䛜䛒
䜛䚹䛭䛣䛷䚸⮫ᗋ䛷౑⏝䛥䜜䛶䛔䜛ᢠ䛜䜣๣䛸䛿ู䛾ไ䛜䜣䝯䜹䝙䝈䝮䛸స⏝ᶵᗎ
䜢᭷䛩䜛 HL 䜢᪂つ䛺䛜䜣ᖿ⣽⬊㜼ᐖ⸆䛸䛧䛶䚸䛭䛾ຠᯝ䛻䛴䛔䛶᳨ド䜢ヨ䜏䛯䚹 
 
䐟 HL䛾䛜䜣⣽⬊⭷䜈䛾≉␗ⓗ䛺⼥ྜ䞉⵳✚ 
䐠 ⭷䝍䞁䝟䜽㉁䛷䛒䜛䝕䝇䝺䝉䝥䝍䞊(Fas)ཬ䜃䝭䝖䝁䞁䝗䝸䜰䜈䛾䝅䜾䝘䝹ఏ㐩 
䐡 ୍㐃䛾䜹䝇䝟䞊䝊䛾άᛶ໬ 
䐢 DNA䛾᩿∦໬ 
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㻌 ᮏㄽᩥ䛿䚸䛜䜣໬Ꮫ⒪ἲ䛻䛚䛡䜛་⏝ᕤᏛⓗ䜰䝥䝻䞊䝏䛸䛧䛶䚸䐟⸆๣⪏ᛶ⌧
㇟䛾 in vitro 䛷䛾෌⌧䛸 in vivo 䛷䛾┦㛵䛻䛴䛔䛶᳨ド䛧䚸᪂つ䛺⸆๣⪏ᛶඞ᭹
⸆䛾㛤Ⓨ䛾䛯䜑䛻⏝䛔䜛⣽⬊䜰䝑䝉䜲⣔䛾☜❧䚸䐠⫢⮚䛜䜣⣽⬊୰䛻Ꮡᅾ䛩䜛
⫢䛜䜣ᖿ⣽⬊䜈᭷ຠ䛺ᢠ䛜䜣๣䛾᳨ウ䜢⾜䛔䚸௨ୗ䛾 4 ❶䛸䛧䛶䜎䛸䜑䛯䜒䛾䛷
䛒䜛䚹➨ 2❶䛷䛿䚸⫢䛜䜣⣽⬊䛾୕ḟඖ䠄3D䠅ᇵ㣴䛻䜘䜛⸆๣⪏ᛶ⌧㇟䛾 in vitro
䛷䛾෌⌧䛸䚸䛭䛾 in vivo 䛸䛾┦㛵䛻䛴䛔䛶᳨ウ䛧䚸᪂つ䛺⸆๣⪏ᛶඞ᭹⸆䛾㛤
Ⓨ䛾䛯䜑䛾⣽⬊䜰䝑䝉䜲⣔䜢☜❧䛧䛯䛣䛸䛻䛴䛔䛶䜎䛸䜑䛯䚹➨ 3 ❶䛷䛿䚸⫢䛜䜣
⣽⬊୰䛻Ꮡᅾ䛩䜛⫢䛜䜣ᖿ⣽⬊䛾䝣䝻䞊䝃䜲䝖䝯䝖䝸䞊ゎᯒᡭἲ䜢☜❧䛧䚸๪స
⏝䛾䛺䛔ᢠ䛜䜣๣䛸䛧䛶◊✲䛜㐍䜣䛷䛔䜛䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊䝮䠄HL䠅䛻䜘䜛⫢䛜
䜣ᖿ⣽⬊䛾ቑṪᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹➨ 4 ❶䛿௨ୖ䛾◊✲䛾⥲ㄽ䛷䛒䜛䚹 
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Fig.1-1 HLࡢṇᖖ⣽⬊࠾ࡼࡧࡀࢇ⣽⬊࡟ᑐࡍࡿຠᯝ 
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Fig.1-2 HL࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒ 69) 
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➨ 2❶ ࣄࢺ⫢ࡀࢇ⣽⬊࡟㛵ࡍࡿ⸆๣⪏ᛶඞ᭹⸆ࡢ in vivoຠᯝண ࡢࡓࡵࡢ 
୕ḟඖᇵ㣴ࢆ⏝࠸ࡓ in vitro࢔ࢵࢭ࢖⣔ࡢホ౯ 
 
2-1 ᗎ 
 
ᵝࠎ࡞ᢠࡀࢇ๣ࡢ㛤Ⓨࡀ㐍ࢇ࡛࠸ࡿ࡟ࡶ㛵ࢃࡽࡎࠊ㐍⾜ࡋࡓࡀࢇ࡬ࡢ໬Ꮫ⒪
ἲࡣ㝈ࡽࢀ࡚࠸ࡿࠋࡇࡢ⌮⏤࡜ࡋ࡚ࠊᢠࡀࢇ๣࡟ᑐࡋ࡚᢬ᢠࢆ♧ࡍ⸆๣⪏ᛶࡢᏑ
ᅾࡀᣲࡆࡽࢀࡿ 1-3)ࠋ⸆๣⪏ᛶ⌧㇟࡟ࡣᵝࠎ࡞せᅉࡀ࠶ࡿࡀࠊࡑࡢ୍ࡘ࡟ࡀࢇ⣽
⬊࠿ࡽࡢ⬟ືⓗ᤼ฟᶵᵓࡢஹ㐍ࡀᣲࡆࡽࢀࠊABCࢺࣛࣥࢫ࣏࣮ࢱ࣮(ATP-binding 
cassette transporters; ATPࡢ࢚ࢿࣝࢠ࣮ࢆ⏝࠸࡚≀㉁ࡢ㍺㏦ࢆ⾜࠺⣽⬊⭷ୖ࡟Ꮡᅾ
ࡍࡿ⭷㍺㏦యࡢ୍⩌)ࡢᏑᅾࡀ῝ࡃ㛵୚ࡋ࡚࠸ࡿࠋ≉࡟ࠊABCࢺࣛࣥࢫ࣏࣮ࢱ࣮
ࡢ୍✀࡛࠶ࡾࠊ㑇ఏᏊྡ ABCB1 ࡜ࡋ࡚▱ࡽࢀࡿ MDR1 ࢱࣥࣃࢡ㉁ࡣࠊ୺࡟ᑠ
⭠࣭⫢⮚࣭⭈⮚࣭⾑ᾮ⬻㛵㛛࡞࡝ࡢୖ⓶⣔⣽⬊࡟Ⓨ⌧ࡋ࡚࠸ࡿ 70)ࠋࡇࡢ MDR1
ࡣ࢔ࣥࢺࣛࢧ࢖ࢡࣜࣥ⣔ࡸࣅࣥ࢔ࣝ࢝ࣟ࢖ࢻ⣔ࠊࢱ࢟ࢧࣥ⣔࡞࡝ࡢᢠࡀࢇ๣ࢆ
⣽⬊እ࡬᤼ฟࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 71,72)ࠋࡑࡢ୍᪉࡛ࠊᚑ᮶ࡢࡀࢇ⣽⬊༢ᒙᇵ
㣴࡛ࡣ MDR1 ࡢⓎ⌧࡞࡝⸆≀᤼ฟάᛶ࡟ࡼࡿࡀࢇ⣽⬊ࡢ⸆๣⪏ᛶࡀ༑ศ࡟Ⓨ⌧
࡛ࡁ࡚࠾ࡽࡎ 73)ࠊࡇࡢ⸆๣⪏ᛶࢆඞ᭹ࡍࡿ⸆๣㸦⸆๣⪏ᛶඞ᭹⸆㸧ࡢ㛤Ⓨ࡟ࡣࠊ
in vitro ࡛⏕యෆ࡛ࡢ㧗࠸⸆๣⪏ᛶ⌧㇟ࢆ෌⌧࡛ࡁࡿࢫࢡ࣮ࣜࢽࣥࢢ⣔ࡀᚲせ࡜
࡞ࡿࠋࡲࡓࠊ⸆๣㛤Ⓨ࡟࠾࠸࡚ື≀ᐇ㦂࡟ࡼࡿ๪స⏝ࢆྵࡴ⸆≀ᛂ⟅ヨ㦂ࡀ⾜ࢃ
ࢀࡿࡀࠊ⏕≀✀ᕪࡢほⅬ࡛ၥ㢟ࡀ࠶ࡿࠋ౛࠼ࡤࠊ⸆๣௦ㅰࡢ୰ᚰ࡛࠶ࡿ⫢⮚࡛ࡢ
CYP 㓝⣲⩌ࡣࣄࢺ࡜࣐࢘ࢫ࡛ࡣ࢔࢖ࢯࢨ࢖࣒ࡢ✀㢮ࡀ␗࡞ࡗ࡚࠾ࡾࠊ௦ㅰ⏘≀
ࡶ␗࡞ࡿሙྜࡶ࠶ࡿ 74,75)ࠋࡑࡢࡓࡵࠊࣄࢺࡢ⣽⬊ࢆ⏝࠸࡚ື≀ᐇ㦂࡜ྠ➼ࡢ௦ㅰ
άᛶࡀᚓࡽࢀࡿࢫࢡ࣮ࣜࢽࣥࢢ⣔ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡇࢀࡽࡢࡇ࡜ࢆ㋃ࡲ࠼࡚ࠊ㏆ᖺ࡛ࡣࣄࢺ⏤᮶ࡢ⫢⣽⬊ࢆᚑ᮶ࡢ 2Dᇵ㣴࡛ࡣ࡞
ࡃࠊ୕ḟඖⓗ࡟⣽⬊ࢆᇵ㣴ࡋࠊ᪂ࡋ࠸ࢫࢡ࣮ࣜࢽࣥࢢ⣔࡜ࡋ࡚㛤Ⓨࡍࡿࡇ࡜ࡀ᳨
ウࡉࢀ࡚࠸ࡿ 76,77)ࠋࡇࡢ⌮⏤࡜ࡋ࡚ࠊ2Dᇵ㣴࡛ࡣ⏕యෆࡢᶵ⬟ࡸᚤᑠ⎔ቃࢆ෌
⌧࡛ࡁ࡞࠸ࡓࡵ 78)ࠊ๓⮫ᗋヨ㦂(in vivoື≀ᐇ㦂⣔)ࡸ⮫ᗋヨ㦂࡟࡚ண᝿࡜␗࡞ࡿ
⤖ᯝࢆ⏕ࡌࡉࡏࡿࡇ࡜ࡀᣲࡆࡽࢀࡿࠋࡑࡢࡓࡵࠊ⣽⬊ࢆ୕ḟඖᇵ㣴(3D ᇵ㣴)ࡍ
ࡿ᪉ἲࡀ⪃᱌ࡉࢀ࡚࠸ࡿࡀࠊ⌧ᅾ࡛ࡣᵝࠎ࡞ࡶࡢࡀᏑᅾࡋ࡚࠸ࡿ 79)ࠋ3Dᇵ㣴ࢆ
⾜࠺ୖ࡛㔜せ࡞ࡶࡢࡣࠊ⣽⬊ࢆᇵ㣴ࡍࡿࡓࡵࡢ㊊ሙ࡛࠶ࡿࠋࡇࡢ㊊ሙ࡜࡞ࡿ⣲ᮦ
ࡣࠊࢥ࣮ࣛࢤࣥࡸ࣑ࣛࢽࣥ࡜࠸ࡗࡓ⤌⧊ࡢ㊊ሙ࡜ࡶ࠸࠼ࡿ ECM ࢆ⏝࠸ࡓࡶࡢࠊ
㧗ศᏊ໬ྜ≀ࢆ⏝࠸ࡓࡶࡢࠊ㟁Ⲵⓗస⏝ࢆ⏝࠸ࡓࡶࡢࠊ࡞࡝ከᒱ࡟ࢃࡓࡿᵝࠋ ࠎ
࡞ 3Dᇵ㣴ᢸయࡀ࠶ࡿ୰ࠊ⣽⬊ࡢᶵ⬟ࠊ⣽⬊ࢩࢢࢼࣝࡢஹ㐍ࡸⰋዲ࡞ቑṪ࡞࡝ࡀ
3D ᇵ㣴࡛ㄆࡵࡽࢀ࡚࠾ࡾࠊ௒ᚋࡣࠊࡇࡢࡼ࠺࡞ 3D ᇵ㣴࡟ࡼࡿ⣽⬊ᇵ㣴ࡀ୺ὶ
࡟࡞ࡿ࡜⪃࠼ࡽࢀࡿࡅࢀ࡝ࡶࠊࡇࡢ 3Dᇵ㣴࡛ࡢࣔࢹࣝࡀࠊin vivoࡢ෌⌧ࣔࢹࣝ
࡛࠶ࡿ࡜᳨ドࡋࡓሗ࿌ࡣᴟࡵ࡚ᑡ࡞࠸ࠋ 
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 ᮏ◊✲࡛⏝࠸ࡓ 3D ᇵ㣴ᢸయ Cellbed®ࡣࠊࢩࣜ࢝⣔ࢼࣀࣇ࢓࢖ࣂ࣮࡛࠶ࡾࠊ
✀ࠎࡢࡀࢇ⣽⬊✀࡟࠾࠸࡚ 3D ᇵ㣴ࡀྍ⬟࡛࠶ࡿࡇ࡜ࡶሗ࿌ࡉࢀ࡚࠸ࡿ 80, 81)ࠋ
ࡇࢀࡲ࡛࡟ᡃࠎࡣࠊCellbed࡟ࡼࡾࠊ⫢⮚ࡀࢇ⣽⬊(HepG2⣽⬊)ࢆ 3Dᇵ㣴ࡍࡿࡇ
࡜࡛ࠊ㧗࠸⸆๣⪏ᛶඞ᭹⌧㇟ࢆ⏕యእ࡛෌⌧ࡍࡿࡇ࡜࡟ᡂຌࡋ࡚࠸ࡿ 82)ࠋࡲࡓࠊ
Cellbedࢆ⏝࠸ࡓ 3Dᇵ㣴࡛ࡣࠊ2Dᇵ㣴࡜ẚ㍑ࡋ࡚ࠊప㓟⣲ㄏᑟ㌿෗ᅉᏊ㸦HIF1-
α㸧࡜ࡑࡢᅉᏊࡢᨭ㓄ୗ࡟࠶ࡿMDR1ࡢⓎ⌧ࡀ㢧ⴭ࡟㧗ࡲࡗ࡚࠸ࡓࠋࡇࡢࡇ࡜ࡣࠊ
2D ᇵ㣴ࡼࡾࡶ 3D ᇵ㣴ࡀ⒴⣽⬊ࡢ⸆๣⪏ᛶ࡟㛵ࢃࡿᶵ⬟Ⓨ⌧࡟᭷⏝࡛࠶ࡾࠊ⏕
యෆࢆᶍೌ࡛ࡁࡿྍ⬟ᛶࢆ♧ࡋ࡚࠸ࡿ(Fig.2-1)ࠋ௨ୖࡢ⤖ᯝࡼࡾࠊ3D ᇵ㣴ᢸయ
Cellbedࡣࠊ⸆๣⪏ᛶඞ᭹⌧㇟ࢆ෌⌧ࡍࡿ in vitroࢫࢡ࣮ࣜࢽࣥࢢ⣔࡜ࡋ࡚᭷⏝࡛
࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
ࡑࡇ࡛ࠊᮏ❶࡛ࡣࠊࡇࡢ in vitro 3Dᇵ㣴ࣔࢹ࡛ࣝほ ࡉࢀࡓ⸆๣⪏ᛶඞ᭹⌧㇟
ࡀ in vivo࡛ࡶྠᵝ࡟㉳ࡇࡾᚓࡿ࠿᳨ウࡋࠊ3Dᇵ㣴ࣔࢹࣝࡀࠊ┿ࡢព࿡࡛ in vivo
ࡢ෌⌧ࣔࢹࣝ࡟࡞ࡾ࠺ࡿ࠿࡝࠺࠿ࢆ᳨ドࡋࡓࠋ 
 
 
Fig.2-1 2Dᇵ㣴࡜ 3Dᇵ㣴࡟࠾ࡅࡿ⏕యᶍೌࡢྍ⬟ᛶ 
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2-2 ᐇ㦂᪉ἲ 
 
2-2-1 ౑⏝⣽⬊࠾ࡼࡧ⣽⬊ቑṪ⏝ᇵᆅࡢㄪ〇࡜⁛⳦ 
1) ౑⏝⣽⬊ 
 ࣄࢺ⫢⮚ࡀࢇ⏤᮶ࡢ HepG2 ⣽⬊ࢆ⌮◊ࣂ࢖࢜ࣜࢯ࣮ࢫࢭࣥࢱ࣮ࡼࡾ㉎ධࡋ
ࡓࡶࡢࢆ౑⏝ࡋࡓࠋ 
 
2) ⣽⬊ቑṪ⏝ᇵᆅ 
 HepG2⣽⬊ࡢᇵ㣴ࡣࠊቑṪ⏝ᇵᆅ࡜ࡋ࡚Minimum Essential Medium(MEM)࡟
Table 2-1 ࡟♧ࡍヨ⸆ࢆῧຍࡋࠊ୕ゅࣇࣛࢫࢥ࡟㉸⣧Ỉ࡜ඹ࡟ຍ࠼࡚ࢫࢱ࣮ࣛ
࣮ࢆ⏝࠸࡚ 1᫬㛫⛬ᗘ᧠ᢾࡉࡏࡓᚋࠊ↓⳦⎔ቃୗ࡛ 0.22 μmࣇ࢕ࣝࢱ࣮࡟࡚ࢁ
㐣⁛⳦ࡋࡓࡶࡢࢆ౑⏝ࡋࡓ㸦௨ୗMEMᇵᆅ࡜࿧ࡪ㸧ࠋᐇ㝿ࡢᇵ㣴࡛ࡣࠊMEM
ᇵᆅ 90 %ᐜ㔞࡟ᑐࡋ࡚࢘ࢩ⫾ඣ⾑Ύ(Fetal Bovine Serum: FBS, Hyclone)ࢆ 10 %
ᐜ㔞ຍ࠼࡚ᇵ㣴ࡋࡓ(MEM:FBS=9:1)ࠋ 
 
Table 2-1  MEMᇵᆅࡢ⤌ᡂ 
H2O (㉸⣧Ỉ) 1 L 
Minimum Essential Medium (MEM) 9.5 g/L (1 ⿄) 
NaHCO3  2.2 g 
HEPES 5.7 g 
Penicillin 63 mg 
Streptomycin 100 mg 
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2-2-2 ౑⏝ヨ⸆࠾ࡼࡧჾලࡢ⁛⳦ 
 
1) ౑⏝ヨ⸆ 
  
ձ⣽⬊ᇵ㣴ᇵᆅ 
 Minimum Essential Medium (MEM) GIBCO 
 Ⅳ㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘<≉⣭>(NaHCO3) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
 HEPES DOJINDO 
 Penicillin ᫂἞〇Ⳬ 
 Streptomycin ᫂἞〇Ⳬ 
  Fetal Bovine Serum (FBS) Hyclone 
 
ղ⣽⬊Ὑί⏝㸸Ca, Mg free Phosphate buffer saline ; PBS(-) ㄪ〇⏝ 
ሷ໬࣒࢝ࣜ࢘ࠑ≉⣭ࠒ(KCl) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
ࣜࣥ 㓟Ỉ⣲஧ࢼࢺ࣒࣭ࣜ࢘ 12Ỉ࿴≀ࠑ≉⣭ࠒ(Na2HPO4 1࣭2H2O㸧 ࢼ࢝ࣛ࢖ࢸࢫࢡ 
ሷ໬ࢼࢺ࣒ࣜ࢘ࠑ≉⣭ࠒ(NaCl) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
ࣜࣥ㓟஧Ỉ⣲࣒࢝ࣜ࢘ࠑ≉⣭ࠒ(KH2PO4㸧 ࢼ࢝ࣛ࢖ࢸࢫࢡ 
 
ճ⣽⬊ศᩓ 
Trypsin GIBCO 
EDTA࣭2Na (C10H14N2Na2O8࣭2H2O) DOJINDO 
 
մ⣽⬊ィᩘ⏝(Ⰽ⣲᤼㝖ἲ) 
Trypan Blue ࿴ග⣧⸆ᰴᘧ఍♫ 
 
յ⣽⬊෾⤖ಖᏑ⏝ 
ᾮయ❅⣲ ෆᮧ㓟⣲ 
Dimethyl Sulfoxide (DMSO)ࠑ≉⣭࠙ࠒ (CH3)2SOࠚ ࿴ග⣧⸆ᰴᘧ఍♫ 
 
նჾලὙί⏝ 
ḟளሷ⣲㓟ࢼࢺ࣒ࣜ࢘(࢔ࣥࢳ࣑࣍ࣝࣥ) (NaClO)  ࢼ࢝ࣛ࢖ࢸࢫࢡ 
Ὑίᾮ(Fine Clean CL) ᮾி◪ᏊჾᲔ 
 
շᾘẘ⏝ 
20%ࢢࣝࢥࣥ㓟ࢡࣟࣟ࣊࢟ࢩࢪࣥ⁐ᾮ ࿴ග⣧⸆ᰴᘧ఍♫ 
࢚ࢳࣝ࢔ࣝࢥ࣮ࣝࠑ୍⣭ࠒ(C2H5OH) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
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ոᾘẘ⏝ 
ᾘẘ⏝࢚ࢱࣀ࣮ࣝ IP ೺ᰤ〇⸆ᰴᘧ఍♫ 
 
չᢠࡀࢇ๣ (Doxorubicin, DOX) 
 ࢻ࢟ࢯࣝࣅࢩࣥሷ㓟ሷ(MW: 579.99) ࿴ග⣧⸆ᰴᘧ఍♫ 
 
Fig. 2-2 DOXࡢᵓ㐀ᘧ 
 
 
պ⸆๣⪏ᛶඞ᭹⸆(Verapamil, VRP) 
 ࣋ࣛࣃ࣑ࣝሷ㓟ሷ (MW: 454.602) ࿴ග⣧⸆ᰴᘧ఍♫ 
Fig. 2-3 VRPࡢᵓ㐀ᘧ 
 
ջCell Counting Kit-8 DOJINDO 
 
ռࢧࣥࣉࣝᅛᐃ⏝ 
 10 %୰ᛶ⦆⾪࣐࣍ࣝࣜࣥ⁐ᾮ ࿴ග⣧⸆ᰴᘧ఍♫ 
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2) ౑⏝ჾල 
  ᇵ㣴 dish (35mm, 60mm, 100mm) BD FALCON 
  ᇵ㣴 plate (24 well, 96 well) ఫ཭࣮࣋ࢡࣛ࢖ࢺᰴᘧ఍♫ 
ᇵ㣴ࣆ࣌ࢵࢺ(1, 2, 5, 10, 20mL) ᒾᇛ◪Ꮚ 
ࣃࢫࢶ࣮ࣝࣆ࣌ࢵࢺ ᒾᇛ◪Ꮚ 
ࣇࢱ௜ࡁᇵᆅ⎼(30,50, 100, 200, 300, 500mL) ᒾᇛ◪Ꮚ 
ࣇࢱ௜ࡁ㐲ᚰ⟶(30, 40 mL) ᒾᇛ◪Ꮚ 
ࢫࢡ࣮ࣜࣗࣂ࢖࢔ࣝ⎼(9, 15, 20, 27mL) ᒾᇛ◪Ꮚ 
0.22μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮sterivex-SVGP 01050) MILLIPORE 
0.20μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮MILLEX SLFG 025LS) MILLIPORE 
0.22μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮MILLEX SLGS 033SS) MILLIPORE 
0.20μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮DISMIC-13cp020AS Cellulose Acetate) ADVANTEC 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝࢩࣜࣥࢪ (1, 5, 10 mL) TERUMO 
ࢸࣝࣔὀᑕ㔪 (26, 27 G) TERUMO 
⾑⌫ィ⟬┙(Burker-Turk) ࢡࣛ࢖࣑ࣥࢢ 
࢝ࣂ࣮࢞ࣛࢫ MATSUNAMI 
ィᩘ࢝࢘ࣥࢱ࣮ ࢔ࢬ࣡ࣥ 
ࢭ࣒ࣛࢳ࣮ࣗࣈ(1.2mL⏝) ఫ཭࣮࣋ࢡࣛ࢖ࢺᰴᘧ఍♫ 
ࣂ࢖ࢭࣝ ᪥ᮏࣇ࣮ࣜࢨ࣮ᰴᘧ఍♫ 
Pipetman (10, 200, 1000μL)  GILSON 
Finnpipette (10, 50, 200, 1000μL) Thermo 
8㐃ࣆ࣌ࢵࢺ Thermo 
࣮࢜ࢺࣆ࣌ࢵࢱ࣮ Thermo 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝ㐲ᚰ⟶(15mL) ࣅ࢜ࣛࣔ 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝ㐲ᚰ⟶(50mL) Corning 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝࣆ࣌ࢵࢺ(5, 10, 25, 50mL) Corning 
࣒࢟࣡࢖ࣉ ࢔ࢬ࣡ࣥ 
࣒࢟ࢱ࢜ࣝ ࢔ࢬ࣡ࣥ 
ࣃࣛࣇ࢕࣒ࣝ ࢔ࢬ࣡ࣥ 
ࢹࣗࣛࢩ࣮ࣝ ࢔ࢬ࣡ࣥ 
▼ⱥゅࢭࣝ ࢔ࢬ࣡ࣥ 
⸆ࡉࡌ ࢔ࢬ࣡ࣥ 
ࣃࣛࣆࣥ ࢔ࢬ࣡ࣥ 
ࢩࣜࢥࣥࢳ࣮ࣗࣈ ࢔ࢬ࣡ࣥ 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝࣅ࣮࣮࢝ ࢔ࢬ࣡ࣥ 
ࣛࢵࢸࢡࢫࢢ࣮ࣟࣈ(ࣃ࢘ࢲ࣮ࣇ࣮ࣜ) ᪥ᮏࢪ࢙ࢿࢸ࢕ࢵࢡࢫᰴᘧ఍♫ 
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3) ౑⏝ᶵჾ㢮 
㧗ᅽ⵨Ẽ⁛⳦ᶵ(HV110) HIRAYAMA 
ࣂ࢖࢜ࣁࢨ࣮ࢻᑐ⟇⏝ࢡࣛࢫϩ࢟ࣕࣅࢿࢵࢺ(TYPE-A) DALTON 
⡆᫆ࢡ࣮ࣜࣥࣈ࣮ࢫ(PURE SPACE PS-100) ࢔ࢬ࣡ࣥ 
ಽ❧ᆺ㢧ᚤ㙾(BH2-RFCA)  OLYMPUS 
㉸ప ࣇ࣮ࣜࢨ(MDF-392AT) SANYO 
CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮(MCO-175) SANYO 
ಽ❧ᆺ㢧ᚤ㙾(TE300) NIKON 
ᜏ ᶵࢯࣇࢺ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮(SLI-170D) EYELA 
pH࣓࣮ࢱ࣮(MP-220) METTLER TOLEDO 
pHᰯṇᾮ(㘄๣; pH4, 7, 10) ࢔ࢬ࣡ࣥ 
㟁Ꮚኳ⛗(AB204-S) METTLER TOLEDO 
஝⇕⁛⳦ᶵ(MOV-212F)  SANYO 
ᐃ㔞㏦ᾮ࣏ࣥࣉ  EYELA 
྾ගᗘࣉ࣮ࣞࢺ࣮ࣜࢲ࣮ Molecular Devices 
⺯ගศගගᗘィ(F-2000) HITACHI 
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4) ⁛⳦᪉ἲ 
 
 ձ஝⇕⁛⳦ 
࢞ࣛࢫࣆ࣌ࢵࢺࡣࢫࢸࣥࣞࢫࡢ⁛⳦⨁࡟཰⣡ࡋࠊ஝⇕⁛⳦ᶵ୰࡛ 180Υࠊ180
ศ㛫(᪼⇕᫬㛫 60ศࠊ⥔ᣢ᫬㛫 120ศ)⁛⳦ࡋࡓࠋ 
 
ղ㧗 ࠊ㧗ᅽ⁛⳦(࣮࢜ࢺࢡ࣮ࣞࣈ) 
ࣇࢱ௜ࡁᇵᆅ⎼ࠊࣇࢱ௜ࡁ㐲ᚰ⟶ࠊࣇࢱ௜ࡁࢧࣥࣉࣝ⎼ࠊ࣐࢖ࢡࣟࣆ࣌ࢵࢺ
⏝ࢳࢵࣉཬࡧࠊ஝⇕⁛⳦ࡀ୙ྍ⬟࡞≀ࡣ⁛⳦ࢸ࣮ࣉࢆ㈞ࡾࠊ࢔࣑ࣝ࣍࢖࡛ࣝ
ཱྀࢆそ࠸ࠊ120℃࡛ 45ศ㛫(᪼⇕᫬㛫 30ศࠊ⥔ᣢ᫬㛫 15ศ)࣮࢜ࢺࢡ࣮ࣞࣈ⁛
⳦ࡋࡓࠋ⁛⳦᫬࡟ࡣ㉸⣧Ỉࢆ 5 L౑⏝ࡋࡓࠋ 
 
ճℐ㐣⁛⳦ 
⣽⬊ᇵ㣴⏝ᇵᆅ(MEM)ࠊPBS(-)ࠊ0.05%Trypsin-EDTAࡣࠊᐃ㔞㏦ᾮ࣏ࣥࣉࢆ
⏝࠸࡚ࠊᏍᚄ 0.22 μmࡢℐ㐣⁛⳦ࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡛ℐ㐣⁛⳦ࢆ
⾜ࡗࡓ(㏦ᾮࡢ㏿ࡉࡣࣇ࢕ࣝࢱ࣮࠿ࡽฟࡿᾮࡢ⁲ࡀぢ࠼ࡿ⛬ᗘ)ࠋࡑࡢ௚ࠊℐ㐣
⁛⳦ࡀᚲせ࡞ヨ⸆ࡣࢹ࢕ࢫ࣏࣮ࢨࣈࣝࢩࣜࣥࢪ࡟඘ሸࡉࡏ࡚ࠊぶỈᛶࡢヨ⸆
ࡣ 0.22 μmࣇ࢕ࣝࢱ࣮(MILLEX SLGS 033SS)ࠊ␯Ỉᛶࡢヨ⸆ࡣ 0.20 μmࣇ࢕ࣝ
ࢱ࣮(MILLEX SLFG 025LS)ࢆ⏝࠸࡚ℐ㐣⁛⳦ࢆ⾜ࡗࡓࠋ 
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2-2-3 ⣽⬊ᇵ㣴࡟౑⏝ࡋࡓヨ⸆ࡢㄪ〇࡜⁛⳦ 
 
ձࣜࣥ㓟⦆⾪⏕⌮㣗ሷỈ(Ca㺃Mg free Phosphate buffer saline: PBS(-))ㄪ〇ἲ 
ሷ໬ࢼࢺ࣒ࣜ࢘ (NaCl)8.00 g/Lࠊࣜࣥ㓟Ỉ⣲஧ࢼࢺ࣒ࣜ࢘༑஧Ỉ࿴≀
(Na2HPO4࣭12H2O) 2.88 g/Lࠊࣜࣥ㓟஧Ỉ⣲࣒࢝ࣜ࢘(KH2PO4)0.20 g/Lࠊሷ໬࢝
࣒ࣜ࢘(KCl)0.2 g/Lࢆ⢭⛗ࡋࠊ㉸⣧Ỉ(1L)࡟⁐࠿ࡋࠊ⣙ 3᫬㛫㟼࠿࡟ᨩᢾࡋࡓࠋ
⁐ゎᚋࠊ0.22 μmࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡟ࡼࡾℐ㐣⁛⳦ࢆ⾜ࡗࡓࠋ 
 
ղ0.05%Trypsin-EDTA⁐ᾮࡢㄪ〇ἲ 
⣽⬊๤㞳࡟౑⏝ࡍࡿ㝿ࡢ᭱⤊⃰ᗘࡣ 0.05%Trypsin (0.5 g/L)ࠊEDTA ࡀ 0.53 
mM (0.1972872 g/L)࡛࠶ࡿࡓࡵࠊ40 ಸ⃰ᗘࡢ 2%Trypsin-EDTA ࢆㄪ〇ࡋ࡚ࡇ
ࢀࢆཎᾮ࡜ࡋࡓࠋㄪ〇ᚋࡇࡢ 2%Trypsin-EDTA ཎᾮࡣ 25 mL ࡎࡘศὀࡋࡓᚋ
࡟-80Υ࡛ಖᏑࡋࡓࠋ 
ᐇ㦂࡟౑⏝ࡋࡓ 0.05%Trypsin-EDTAࡣཎᾮ 25 mL࡟ PBS(-)ࢆ 975 mLຍ࠼
࠼ 1᫬㛫᧠ᢾࡋࡓᚋࠊ0.22 μmࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡟ࡼࡾℐ㐣⁛⳦
ࢆ⾜ࡗࡓࠋℐ㐣⁛⳦ᚋࡣ-20Υ࡟ಖᏑࡋࠊ౑⏝๓࡟ 4Υ࡛ಖᏑࡋࡓࠋ 
 
ճ0.3% (w/v)Trypan Blue⁐ᾮࡢㄪ〇ἲ 
⢊ᮎࡢࢺࣜࣃࣥࣈ࣮ࣝࢆ 0.3%࡟࡞ࡿࡼ࠺࡟ PBS(-)࡛⁐ゎࡉࡏ(୍ᬌ᧠ᢾ)ࠊ
0.22 μmࣇ࢕ࣝࢱ࣮(MILLEX SLGS 033SS)࡟ࡼࡾℐ㐣⁛⳦ࢆ⾜ࡗࡓࠋ 
 
 մDOXࡢㄪ〇 (Stock solution: 10 mM) 
 ⢊ᮎࡢ DOX ࢆ⛗㔞ࡋࠊ⁛⳦Ỉ࡛ 10 mM ⃰ᗘ࡟࡞ࡿࡼ࠺࡟࣎ࣝࢸࢵࢡࢫ࠾
ࡼࡧࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ⁐ゎࡉࡏࡓᚋࠊ0.22 μm ࣇ࢕ࣝࢱ࣮(MILLEX SLGS 
033SS)࡛ࢁ㐣⁛⳦ࡋ࡚ 100 μLࡎࡘᑠศࡅࡋ࡚-20Υ࡛㐽ගࡋ࡚ಖᏑࡋࡓࠋ౑⏝
ࡢ㝿ࡣࠊPBS(-)࡛ᕼ㔘ࡋ࡚౑⏝ࡋࡓࠋ 
 
յVRPࡢㄪ〇 (Stock solution: 200 mM) 
 ⢊ᮎࡢ VRPࢆ⛗㔞ࡋࠊDMSO࡛ 200 mM⃰ᗘ࡟࡞ࡿࡼ࠺࡟࣎ࣝࢸࢵࢡࢫ࠾
ࡼࡧࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ⁐ゎࡉࡏࡓᚋࠊ0.22 μm ࣇ࢕ࣝࢱ࣮(MILLEX SLFG 
025LS)࡛ࢁ㐣⁛⳦ࡋ࡚ 100 μLࡎࡘᑠศࡅࡋ࡚-20Υ࡛㐽ගࡋ࡚ಖᏑࡋࡓࠋ౑⏝
ࡢ㝿ࡣࠊPBS(-)࡛ᕼ㔘ࡋ࡚౑⏝ࡋࡓࠋ౑⏝ࡢ㝿ࡣࠊ100 μM ࡟ᕼ㔘ࡋࡓࡓࡵࠊ
DMSOࡢ᭱⤊⃰ᗘࡣ 0.05 %࡛౑⏝ࡋࡓࠋ 
 
ն70 %࢚ࢱࣀ࣮ࣝㄪ〇ἲ 
99.5 %࢚ࢱࣀ࣮ࣝ 700 mL࡟㉸⣧Ỉ 300 mLຍ࠼࡚ㄪ〇ࡋࡓࠋ 
20 
 
 
շࣄࣅࢸࣥ࢔ࣝࢥ࣮ࣝࡢㄪ〇ἲ 
20 %ࢢࣝࢥࣥ㓟ࢡࣟࣟ࣊࢟ࢩࢪࣥ⁐ᾮ 5 mLࢆ 70%࢚ࢱࣀ࣮ࣝ 1 L࡟ຍ࠼࡚
ㄪ〇ࡋࡓࠋ 
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2-2-4 ⣽⬊ࡢ⼥ゎ࡜෾⤖᪉ἲ 
 
1) ⣽⬊ࡢ෾⤖᪉ἲ 
㐺ᙜ࡞㔞ࡢ⾑Ύධࡾᇵᆅࢆ⏝ពࡋࠊPBS(-)ࠊ0.05% Trypsin-EDTA࡜࡜ࡶ࡟
37Υ࡛ಖ ࡋࡓࠋᇵ㣴ࢹ࢕ࢵࢩࣗ࠿ࡽࠊࣃࢫࢶ࣮ࣝࣆ࣌ࢵࢺࢆ⏝࠸࡚ࠊ⣽⬊
ࢆ྾ᘬࡋ࡞࠸ࡼ࠺࡟ᇵᆅࡔࡅ྾ᘬ㝖ཤࡋࠊḟ࡟ࠊᇵ㣴ᇵᆅ࡜ྠ㔞ࡢ PBS(-)
࡛⣽⬊ࢆὙίࡋࡓᚋࠊPBS(-)ࡢࡳࢆ྾ᘬ㝖ཤࡋࡓࠋ⣽⬊ࢆ௜╔㠃࠿ࡽ๤㞳ࡍ
ࡿࡓࡵ࡟ࠊ0.05% Trypsin-EDTAࢆຍ࠼ࠊ37Υ࡛ 3 ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢩࣙࣥ
ࡋࡓᚋࠊ⾑Ύධࡾᇵᆅࢆຍ࠼ Trypsinࡢస⏝ࢆṆࡵࠊࢹ࢕ࢵࢩࣗ⾲㠃࠿ࡽ⣽
⬊ࢆࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ๤ࡀࡋࡓࠋࡇࢀࢆ㐲ᚰ⟶࡟⛣ࡋࠊ1000 rpm ࡛ 3
ศ㛫㐲ᚰศ㞳ࡋࠊ㐲ᚰᚋ 0.05% Trypsin-EDTAࢆྵࢇࡔᇵᆅࢆ྾ᘬ㝖ཤࡋࡓࠋ
⾑Ύᇵᆅࢆỿ㝆⣽⬊ࡢධࡗࡓ㐲ᚰ⟶࡟ຍ࠼࡚ࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊ⾑⌫
ィ⟬┙ࢆ⏝࠸࡚ 0.3% Trypan Blue ⁐ᾮ࡟ࡼࡿⰍ⣲᤼㝖ἲ࡛ᠱ⃮ᾮ୰ࡢ඲⣽
⬊ᩘ(⏕⣽⬊ᩘ㸩Ṛ⣽⬊ᩘ)ࢆィᩘࡋࡓࠋィᩘᚋࠊ⏕⣽⬊ᩘࡀ 3.0×106 cells/mL
࡟࡞ࡿࡼ࠺࡟⣽⬊ᠱ⃮ᾮࢆṧࡾࡢᇵᆅ࡟ศὀࡋࠊணࡵị୰࡟ಖᣢࡋ࡚࠾࠸
ࡓ 20 % DMSO(DMSO ࡣᐊ ࡛⣽⬊࡟ẘᛶࢆ♧ࡍࡓࡵ ᗘࡀୖࡀࡽ࡞࠸ࡼ
࠺࡟ὀពࡀᚲせ)ࡢධࡗࡓቑṪ⏝ᇵᆅࢆࠊᠱ⃮ᾮ࡜ 1㸸1 ࡛ΰྜࡋࡓ(᭱⤊
DMSO⃰ᗘ 10%)ࠋࢭ࣒ࣛࢳ࣮ࣗࣈ࡟ᠱ⃮ᾮࢆ 1mLධࢀࠊ࢔ࣥࣉࣝࢆ-80Υ
୍࡛ᬌ㟼⨨ࡋࠊࡑࡢᚋ࡟ᾮయ❅⣲(-210Υ)୰࡛ಖᏑࡋࡓࠋ 
 
2) ⣽⬊ࡢ⼥ゎ᪉ἲ 
ᾮయ❅⣲୰࡟ಖᏑࡋ࡚࠶ࡿ࢔ࣥࣉࣝࢆྲྀࡾฟࡋࠊ㉸⣧Ỉ࡛సࡗࡓ 37Υࡢ
ࡠࡿࡲ‮ࡢ୰࡟ධࢀ࡚ࠊ࢔ࣥࣉࣝ୰ࡢሢࡀ⁐ࡅጞࡵࡓࡽࠊࡍࡄ࡟Ᏻ඲࢟ࣕࣅ
ࢿࢵࢺ࡟⛣ࡋࡓࠋ⼥ゎࡋࡓ⣽⬊ᠱ⃮ᾮࢆࠊ⣙ 10ಸ㔞ࡢᇵᆅ࡟ධࢀࠊ⃭ࡋࡃ
ࣆ࣌ࢵࢸ࢕ࣥࢢࡋࡓࠋḟ࡟ࠊ1000 rpm࡛ 3ศ㛫㐲ᚰศ㞳ࡋࠊDMSOࢆྵࢇ
ࡔᇵᆅࢆ྾ᘬ㝖ཤࡋࡓࠋࡑࡢᚋࠊ⣽⬊ሢࡀṧࡗ࡚࠸ࡿ㐲ᚰ⟶࡟ᇵᆅ 10 mLࢆ
ຍ࠼࡚ࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊࡑࡇ࠿ࡽ↓⳦ⓗ࡟⣽⬊ᠱ⃮ᾮࢆ᥇ྲྀࡋࠊ⾑⌫ィ⟬
┙ࢆ⏝࠸࡚ 0.3% Trypan Blue ⁐ᾮ࡟ࡼࡿⰍ⣲᤼㝖ἲ࡛ᠱ⃮ᾮ୰ࡢ⏕⣽⬊ᩘ
ࢆィᩘࡋࡓࠋィᩘᚋࠊ᧛✀ᐦᗘࡀ 5.0×104 cells/mLࡢ⃰ᗘ࡟࡞ࡿࡼ࠺࡟ࠊ᳜
࠼⥅ࡂ⏝࡟⏝ពࡋࡓ᪂ࡋ࠸ᇵᆅ࡟⣽⬊ᠱ⃮ᾮࢆศὀࡋࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥ
ࢢࡋࡓᠱ⃮ᾮࢆࠊ┤ᚄ 100 mmࡢᇵ㣴ࢹ࢕ࢵࢩࣗ࡟ࠊ10 mLࡎࡘ᧛✀ࡋࡓࠋ 
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2-2-5 ⣽⬊ࡢᇵ㣴࡜⥅௦࠾ࡼࡧィᩘ᪉ἲ 
 
1) ⣽⬊ቑṪࢆ┠ⓗ࡜ࡋࡓ⥅௦ 
HepG2⣽⬊ࡣቑṪᛶࡀ࠶ࡿࡓࡵࠊ᧛✀ᚋ 6᪥⛬ᗘ࡛⥅௦ࢆ⾜ࡗࡓࠋ⥅௦ࡢ
๓‽ഛ࡜ࡋ࡚ࠊ㐺ᙜ࡞㔞ࡢ⾑Ύධࡾᇵᆅࢆ⏝ពࡋࠊPBS(-)ࠊ0.05% Trypsin-
EDTA ࡜࡜ࡶ࡟ 37Υ࡛ಖ ࡋࡓࠋᇵ㣴ࢹ࢕ࢵࢩࣗ࠿ࡽࣃࢫࢶ࣮ࣝࣆ࣌ࢵࢺ
ࢆ⏝࠸࡚ࠊ⣽⬊ࢆ㝖ཤࡋ࡞࠸ࡼ࠺࡟ᇵᆅࡔࡅࢆ㝖ཤࡋࠊᇵ㣴ᇵᆅ࡜ྠ㔞ࡢ
PBS(-)࡛⣽⬊ࢆὙίࡋࡓᚋࠊPBS(-)ࡢࡳࢆ྾ᘬ㝖ཤࡋࡓࠋ⣽⬊ࢆ௜╔㠃࠿ࡽ
๤㞳ࡍࡿࡓࡵ Trypsin-EDTAࢆຍ࠼ࠊ37Υ࡛ 3ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢩࣙࣥࡋࡓ
ᚋࠊ⾑Ύධࡾᇵᆅࢆ Trypsin-EDTA࡜ྠ㔞ຍ࠼࡚ Trypsin ࡢస⏝ࢆṆࡵࠊࢹ
࢕ࢵࢩࣗ⾲㠃࠿ࡽࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ⣽⬊ࢆ๤ࡀࡋࡓࠋࡇࢀࢆ㐲ᚰ⟶࡟
⛣ࡋࠊ1000 rpm࡛ 3ศ㛫㐲ᚰศ㞳ࡋࠊ㐲ᚰᚋࠊୖ⃈ࡳࢆ㝖ཤࡋࡓࠋỿ㝆⣽
⬊ࡢධࡗࡓ㐲ᚰ⟶࡟⾑Ύᇵᆅ 1㹼2 mLࢆຍ࠼࡚ࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊ
ࡑࡢ୍㒊(25 μL࡯࡝)ࢆ࣐࢖ࢡࣟࢳ࣮ࣗࣈ࡟⛣ࡋ࡚↓⳦ⓗ࡟ྲྀࡾฟࡋࠊ⾑⌫
ィ⟬┙ࢆ⏝࠸࡚ 0.3% Trypan Blue ⁐ᾮ࡟ࡼࡿⰍ⣲᤼㝖ἲ࡛ᠱ⃮ᾮ୰ࡢ඲⣽
⬊ᩘ(⏕⣽⬊ᩘ㸩Ṛ⣽⬊ᩘ)ࢆィᩘࡋࡓࠋィᩘᚋࠊᇵ㣴ࢹ࢕ࢵࢩࣗ 1ᯛ࠶ࡓࡾ
᧛✀ᐦᗘࡀ 5.0×104 cells/mL࡟࡞ࡿࡼ࠺࡟ࠊ⥅௦⏝࡟⏝ពࡋࡓ᪂ࡋ࠸ᇵᆅ࡟
⣽⬊ᠱ⃮ᾮࢆᚲせ㔞ศὀࡋࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥࢢࡋࡓࠋࡇࡢ⣽⬊ᠱ⃮ᾮࢆ┤
ᚄ 100 mmࡢᇵ㣴ࢹ࢕ࢵࢩࣗ࡟ 10 mL᧛✀ࡋࡓࠋᇵ㣴ࢹ࢕ࢵࢩࣗࡣࠊ37Υࠊ
CO2⃰ᗘ 5.0%ࠊỈ⵨Ẽ㣬࿴࡟ಖࡓࢀࡓ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡟ධࢀ࡚ࠊ⣽⬊ࢆ
ᇵ㣴ࡋࡓࠋ 
 
2) ⣽⬊ࡢィᩘἲ(Ⰽ⣲᤼㝖ἲ) 
⣽⬊ᠱ⃮ᾮࢆࣆ࣌ࢵࢺ࣐࡛ࣥྲྀࡾࠊ࣐࢖ࢡࣟࢳ࣮ࣗࣈ࡟ධࢀࠊ0.3% Trypan 
Blue ⁐ᾮࢆຍ࠼࡚ᕼ㔘ࡋࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥࢢࡋࡓࠋࡑࡢᚋࠊ⾑⌫ィ⟬┙
࡟ὶࡋ㎸ࡳࠊ㢧ᚤ㙾ࡢᑐ≀ࣞࣥࢬ 10ಸ࡛ࠊ1mm×1mmࡢ༊⏬ෆࡢᰁⰍࡉࢀ
࡞࠿ࡗࡓ⣽⬊ᩘ(⏕⣽⬊ᩘ)࡜ᰁⰍࡉࢀࡓ⣽⬊ᩘ(Ṛ⣽⬊)ࢆศࡅ࡚ィᩘࢆ⾜ࡗ
ࡓࠋ௨ୗ࡟⣽⬊ィᩘ࡟౑⏝ࡋࡓィ⟬ᘧࢆ♧ࡋࡓࠋ 
 
࢝࢘ࣥࢺࡋࡓ⥲⏕⣽⬊ᩘሺሻ
࢝࢘ࣥࢺࡋࡓ༊⏬ᩘൈ ͳͲିସሺሻൈࢺࣜࣃࣥࣈ࣮ࣝ࡟ࡼࡿᕼ㔘ಸ⋡
㸻⣽⬊ᐦᗘሺȀሻ 
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2-2-6  Cellbed®ࡢస〇᪉ἲ࠾ࡼࡧ≉ᚩ 
 
1) స〇᪉ἲࠊᮦ㉁ 
Cellbed®ࡣࠊ࢚ࣞࢡࢺࣟࢫࣆࢽࣥࢢἲ࡟ࡼࡾస〇ࡉࢀࡓ㧗⣧ᗘࢩࣜ࢝ࣇ࢓࢖
ࣂ࣮࠿ࡽ࡞ࡿ୕ḟඖᇵ㣴ᢸయ࡛࠶ࡿࠋ 
 
2) Cellbed®ࡢ≉ᚩ 
Cellbed®ࡣ┤ᚄ⣙ 1 μm ࡢ⏕య㐺ྜᛶࡢ㧗࠸ࢩࣜ࢝ࣇ࢓࢖ࣂ࣮࠿ࡽᡂࡿ୙⧊
ᕸ࡛࠶ࡿࠋࡑࡢ㔜㔞ࡣ༢఩㠃✚ᙜࡓࡾ 8 g/m2࡛ࠊ⧄⥔ᚄࡀ 7~8 μm࡛ 95 %௨ୖ
࡜࠸࠺㧗࠸✵㝽⋡ࢆಖࡗ࡚࠾ࡾࠊᗈ࠸⾲㠃✚ࢆᣢࡘࡇ࡜࠿ࡽࡼࡾከࡃࡢ⣽⬊ࢆ
ಖᣢࡍࡿࡢ࡟㐺ࡋ࡚࠸ࡿࠋࡲࡓࠊ໬Ꮫⓗ࡟Ᏻᐃᛶࡢ㧗࠸ࢩࣜ࢝ 100 %࡛ᵓᡂࡉ
ࢀ࡚࠸ࡿࡓࡵࠊᇵ㣴ᢸయࡢྲྀࡾᢅ࠸ࡀ㠀ᖖ࡟ᐜ࡛᫆ࠊ࡞࠾ୟࡘ⣽⬊ࡢᇵ㣴࡟ᝏ
ᙳ㡪ࢆ୚࠼࡞࠸࡜࠸࠺≉ᚩࢆᣢࡘࠋࡑࡋ࡚ࠊCellbed®ࡣࡇࢀࡲ࡛࡟✀ࠎࡢࡀࢇ
⣽⬊ࡸࣄࢺᡂே⫢⣽⬊ࢆ✚ᒙࡉࡏ࡚୕ḟඖᇵ㣴ࢆྍ⬟࡜ࡋ࡚࠸ࡿ 80-83)ࠋ 
 
 
 
Fig.2-4 ୕ḟඖᇵ㣴ᢸయ Cellbed® 
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2-2-7 Cellbed®ࡢᐇ㦂๓ฎ⌮࠾ࡼࡧ HepG2⣽⬊ࡢᇵ㣴 
 
1) Cellbed®ࡢᐇ㦂๓ฎ⌮ 
Ᏻ඲࢟ࣕࣅࢿࢵࢺෆ࡛⿄࠿ࡽࣉ࣮ࣞࢺࠊᢸయࢆྲྀࡾฟࡍࠋᢸయࢆࣆࣥࢭࢵࢺ
࡛ಶูໟ⿦࠿ࡽྲྀࡾฟࡋࠊ24 well plateࡢ well࡟ⴠ࡜ࡋ㎸ࡳ౑⏝ࡍࡿ (Cellbed®
96 well plateࡣඖࠎCellbed®ࡀ⣽⬊ᇵ㣴ࣉ࣮ࣞࢺ࡟ᤄධࡉࢀ࡚࠸ࡿࡶࡢࢆ౑⏝)ࠋ
ᇵ㣴ᢸయࡢධࡗࡓ well࡟ 70%࢚ࢱࣀ࣮ࣝࢆ౑⏝ᇵᆅ㔞࡜ྠ㔞 wellࡢቨ㠃ࢆఏ
ࢃࡏ࡞ࡀࡽῧຍࡋࡓࠋ㸦※ࡇࡢ࡜ࡁࢳࢵࣉࡢඛ➃࡛ᢸయࢆയࡘࡅ࡞࠸ࡼ࠺ὀព
ࡍࡿࠋ㸧ࣉ࣮ࣞࢺࢆ㍍ࡃᦂࡍࡾࠊᢸయ࡟࢚ࢱࣀ࣮ࣝࡀᾐ㏱ࡋࡓࡇ࡜ࢆ☜ㄆࡍࡿࠋ
well ቨ㠃࡟ࢳࢵࣉࢆᙜ࡚ࠊᗏ࡟ྥ࠿ࡗ࡚ࡺࡗࡃࡾࢫࣛ࢖ࢻࡉࡏ࡞ࡀࡽ 70%࢚
ࢱࣀ࣮ࣝࢆ㝖ཤࡋࡓࠋࡑࡢᚋࠊ౑⏝ᇵᆅ㔞ࡢ 1.5ಸࡢ PBS(-)ࢆῧຍࡋࠊὙίࡋ
ࡓࠋࡇࡢ୍㐃ࡢᡭ㡰ࢆ 2ᅇ⾜ࡗࡓࠋ 
 
2) HepG2⣽⬊ࡢᇵ㣴 
⣽⬊ࡢ᧛✀ࡣ 2-2-5ࡢ 1)ࡢ⣽⬊ቑṪࢆ┠ⓗ࡜ࡋࡓ⥅௦ࡢ㐲ᚰ᧯సࡲ࡛ྠᵝ࡟
⾜ࡗࡓࠋ 2-2-7 ࡢ 1)ࡢᐇ㦂๓ฎ⌮ࢆ⾜ࡗࡓ Cellbed® 24 well plate ࡟
3.0×105cell/well ࡛᧛✀ࡋ (Cellbed® 96 well plate ࡢሙྜࡣ᧛✀ᐦᗘ 5.0×104 
cell/well)ࠊ37℃ࠊCO2⃰ᗘ 5.0%ࠊỈ⵨Ẽ㣬࿴࡟ಖࡓࢀࡓ࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡟ධ
ࢀ࡚ࠊ⣽⬊ࢆᇵ㣴ࡋࡓࠋࡑࡢᚋࠊ48hࡈ࡜࡟ቑṪ⏝ᇵᆅMEM࡛ᇵᆅ஺᥮ࢆ⾜
࠸ࠊ7᪥㛫ᇵ㣴ࢆ⾜ࡗࡓࠋ 
 
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2-2-8  HepG2⣽⬊࡟ᑐࡍࡿᢠࡀࢇ๣(Doxorubicin)ࡢ 50%ቑṪᢚไヨ㦂 
 
1) WST-8 assayࡢཎ⌮ 
Cell Counting Kit-8(WST-8) ࡢཎ⌮ᅗࢆ Fig. 2-5 ࠊFig. 2-6 ࡟♧ࡋࡓࠋWST-
8(2-[2-methoxy-4-nitriphenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H-5-
tetrazolium, Monosodium salt)ࡣࠊ⏕⣽⬊ෆࡢ࣑ࢺࢥࣥࢻࣜ࢔➼࡟Ꮡᅾࡍࡿ⬺Ỉ
⣲㓝⣲(dehydrogenase)࡟ࡼࡗ࡚ WST-8 Formazan ࡟㑏ඖࡉࢀࡿࠋ⏕⣽⬊ᩘ࡜
WST-8 Formazan ࡢ㔞ࡣ┤⥺ⓗ࡞ẚ౛㛵ಀ࡟࠶ࡿࡢ࡛ࠊWST-8 Formazan ࡢ྾
ගᗘ(λ=460nm)࠿ࡽࠊୗグࡢᘧ࡟ࡼࡾ⣽⬊ቑṪᢚไ⋡ࢆồࡵࡿࡇ࡜ࡀฟ᮶ࡿࠋ 
 
⣽⬊ቑṪᢚไ⋡(%) = [1㸫(Amean/Acontrol)] ×100  
Amean : DOX ࡀᏑᅾࡍࡿ᮲௳࡟࠾ࡅࡿWST-8 Formazan ࡢ྾ගᗘ 
Acontrol : DOX ࡀᏑᅾࡋ࡞࠸᮲௳࡟࠾ࡅࡿWST-8 Formazan ࡢ྾ගᗘ 
 
Fig.2-5 Cell Counting Kit-8ࡢཎ⌮ 
 
Fig.2-6 WST-8ࡢᵓ㐀ᘧ 
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2) ᇵ㣴᮲௳ 
 monolayer ᇵ㣴࡛ࡣࠊ⣽⬊ࢆ⣽⬊ᇵ㣴⏝࣐ࣝࢳࣉ࣮ࣞࢺ 96 well ࡟ 2000 
cell/well࡛᧛✀ࡋࠊCellbed®ᇵ㣴ࡣࠊCellbed® 96 well plate࡟ 5.0×104 cell/well
࡛᧛✀ࢆ⾜࠸ࠊ๓ᇵ㣴ࢆ⾜ࡗࡓࠋMonolayer ᇵ㣴ཬࡧ Cellbed®ᇵ㣴ࡢ๓ᇵ㣴
ࡣ࡜ࡶ࡟ 7᪥㛫ᇵ㣴࡜ࡋࡓࠋ๓ᇵ㣴ᚋࠊDOX(0.1 μM㹼100 μM)ཬࡧ 100 μM 
Verapamilࢆῧຍࡋࠊ48᫬㛫ฎ⌮ᚋࠊᇵ㣴ᇵᆅࡢ྾ᘬ㝖ཤࢆ⾜࠸ࠊ᪂㩭ᇵᆅ㸸
WST-8㸻180μL㸸20μL ࢆྛ well ࡬ῧຍࡋࠊ཯ᛂ᫬㛫 30 min ࡛ୖ⃈ࡳࢆ 100 
μL/wellᅇ཰ࡋࡓࠋᅇ཰ࡋࡓୖ⃈ࡳࢆ ᐃ⏝ࡢ✵ࡢ 96 well multi plate࡬⛣ࡋࠊ
྾ගᗘࡢ ᐃࢆ⾜ࡗࡓࠋ50 %ቑṪᢚไ⃰ᗘ(50 % inhibitory concentration: IC50)
ࡣࠊWST-8 assay࡟ࡼࡾ⟬ฟࡋࡓ⣽⬊ቑṪᢚไ⋡࠿ࡽồࡵࡓࠋ 
 
 
 
Fig.2-7 WST-8 assay࡟࠾ࡅࡿ⣽⬊ᇵ㣴ࢫࢣࢪ࣮ࣗࣝ 
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2-2-9  HepG2⣽⬊࡟ᑐࡍࡿᢠࡀࢇ๣(Doxorubicin)ࡢ᤼ฟάᛶ ᐃἲ 
 
ձ⣽⬊ࡢᇵ㣴࡜⣽⬊ᩘࡢィ  
 ⣽⬊ࡢ᧛✀ࡣ 24 well plate࡟ࠊ3D (Cellbed)ᇵ㣴ࡢሙྜࡣ 3.0105 cells/ well 
(0.5 mL)࡛⾜࠸ࠊ7᪥㛫ᇵ㣴ࢆ⾜ࡗࡓࠋ⣽⬊᧛✀ᚋࠊᇵᆅ஺᥮ࡣ 2᪥࡟ 1ᅇ⾜
ࡗࡓࠋᇵ㣴 7᪥┠࡟ DOXࡢ᤼ฟάᛶ ᐃࢆ⾜࠸ࠊࡑࡢᚋ࡟WST-8 assay࡟ࡼ
ࡗ࡚ well࠶ࡓࡾࡢ⣽⬊ᩘࢆ⟬ฟࡋࡓࠋ 
WST-8 assay࡟ࡼࡿ⣽⬊ᩘࡢ⟬ฟ࡟࠶ࡓࡾࠊ஦๓࡟᳨㔞⥺ࢆస〇ࡋࡓࠋ᳨㔞
⥺ࡣ HepG2 ⣽⬊ࢆ monolayer ࡛᧛✀ᐦᗘࡢ᮲௳ࢆ࠸ࡃࡘ࠿⏝ពࡋ࡚ᇵ㣴ࡋࠊ
WST-8 assay࡟ࡼࡿ྾ගᗘ࡜ࢺࣜࣃࣥࣈ࣮ࣝⰍ⣲᤼㝖ἲ࡟࡚⣽⬊ᩘࢆᐇ㝿࡟ィ
ᩘࡍࡿࡇ࡜᳨࡛㔞⥺ࢆస〇ࡋࡓࠋ 
 
 
Fig.2-8 WST-8࡟ࡼࡿ⣽⬊ᩘࡢ᳨㔞⥺ 
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ղDOXࡢ᤼ฟάᛶ ᐃ 
 ᪤Ꮡࡢᇵᆅࢆ㝖ཤࡋࠊDOX 50 μMྵ᭷ᇵᆅ(90 % MEM: 10 % FBS, 1 % NEAA)
ࢆ 24 well plateࡢ 1 well࠶ࡓࡾ࡟ 500 μLࡎࡘῧຍࡋࠊ1 hr཯ᛂࢆ⾜ࡗࡓ(5 % 
CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ)ࠋ཯ᛂᚋࠊ5% CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࠿ࡽ⣽⬊ࢆྲྀࡾ
ฟࡋ࡚ࠊPBS(-)࡛ᡭ᪩ࡃὙίࡋࡓࠋὙίᚋࠊVRP 100 μMྵ᭷ᇵᆅࢆྛ well࡟
600 μLῧຍࡋ࡚ࠊ30ศࡈ࡜࡟඲㔞(⣙ 600 μL)ᅇ཰ࡋࡓࠋ࡞࠾ࠊVRP 100 μMྵ
᭷ᇵᆅࢆධࢀ࡚࠿ࡽ 180ศࡲ࡛(0, 15, 30, 60, 90,120, 150, 180ศ)ࢧࣥࣉࣜࣥࢢ
ࢆ⾜࠸ࠊࡑࡢ㛫ࡣࠊ᤼ฟࡉࢀࡓDOXࡀ⣽⬊⾲㠃࡟⵳✚ࡋ࡞࠸ࡼ࠺࡟ࡍࡿࡓࡵࠊ
࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛᣺࡜࠺ᇵ㣴ᶵࢆ⏝࠸࡚᣺࡜࠺ࡋࡓࠋࡲࡓࠊVRP ࢆྵࡲ
࡞࠸㏻ᖖࡢMEMᇵᆅࡢሙྜࡶྠᵝ࡟⾜ࡗࡓࠋ 
 ᐃࡣࠊ▼ⱥࢭࣝ࡟ 500 μLࡢࢧࣥࣉࣝࢆධࢀࠊศග⺯ගගᗘィ(F-2000)࡟ࡼ
ࡾ Ex= 448 nmࠊEm= 562 nm࡛ࠊࡑࢀࡒࢀࡢࢧࣥࣉࣝࢆ 5ᅇ ᐃࡋࡓࠋࡲࡓࠊ
⺯ගࢆ ᐃࡍࡿ㝿࡟ MEM ᇵᆅࡢࣇ࢙ࣀ࣮ࣝࣞࢵࢻࡢⰍ⣲ࡢᙳ㡪ࡸ⣽⬊࠾ࡼ
ࡧ CellbedᏑᅾୗ࡛ࡢᙳ㡪ࡀ⪃࠼ࡽࢀࡿࡓࡵࠊ0 min ( ᐃ⏝ᇵᆅࢆධࢀ࡚┤ࡄ
ᢤ࠸ࡓࡶࡢ)ࢆ Blank ࡜ࡋ࡚ ᐃࡋ࡚ࠊࢧࣥࣉࣝࡢ⺯ග㔞࠿ࡽᕪࢆᘬ࠸ࡓ್ࢆ
DOXࡢ⺯ග㔞࡜ࡋࡓࠋࡲࡓࠊ⺯ග㔞࠿ࡽ DOXࡢ㔞ࢆ⟬ฟࡋࠊࡉࡽ࡟⣽⬊࠶ࡓ
ࡾࡢDOX᤼ฟ㔞ࢆㄪ࡭ࡿࡓࡵࠊࢧࣥࣉࣜࣥࢢࡋࡓwellࢆὙίࡋ࡚WST-8 assay
ࢆᐇ᪋ࡋࡓࠋ 
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2-2-10 ౑⏝ࡋࡓᐇ㦂ື≀(㧗ᗘච␿୙඲࣐࢘ࢫ) 
 
 ᐇ㦂࡟౑⏝ࡋࡓ࣐࢘ࢫࡣࠊ㧗ᗘච␿୙඲࣐࢘ࢫ࡛࠶ࡿ NOD/ Scid/ Jak3-
KO(NOJ)࣐࢘ࢫࡢ㞤ࡢ 5㐌㱋ࢆ⏝࠸ࡓࠋNOJ࣐࢘ࢫࡣࠊNOD࣐࢘ࢫ࡟⏤᮶ࡍ
ࡿ࣐ࢡࣟࣇ࢓࣮ࢪ࡜ᶞ≧⣽⬊ࡢᶵ⬟␗ᖖ࡜⿵యḞዴࠊScid࣐࢘ࢫ⏤᮶ࡢᡂ⇍ T
⣽⬊࣭B ⣽⬊࣭NKT ⣽⬊ḞᦆࠊJak3 Ḟᦆ࣐࢘ࢫ⏤᮶ࡢ NK⣽⬊Ḟᦆࢆేࡏᣢ
ࡘ」ྜᆺࡢච␿୙඲ࢆ♧ࡍ 83, 84)ࠋ 
 ࡲࡓࠊ࣐࢘ࢫࡣᜏ ᜏᐊ⎔ቃୗ(ᐊ  24s2 ℃ࠊ‵ᗘ 55s10 %ࠊ↷᫂᫬㛫 12
᫬㛫)ࡢࢡ࣮࣮࣒ࣜࣥࣝෆ࡟࡚㣫⫱ࡋࠊ㣧ࡳỈ࠾ࡼࡧ㣵ࡣ࣮࢜ࢺࢡ࣮ࣞࣈ⁛⳦
ࡋࡓࡶࡢࢆ⮬⏤࡟ᦤྲྀࡉࡏࡓࠋ 
 
 
Fig.2-9 NOD/ Scid/ Jak3-KO(NOJ)࣐࢘ࢫ 
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2-2-11⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇࠾ࡼࡧ἞⒪᪉ἲ 
 
 ձ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 ࢡ࣮࣮࣒ࣜࣥࣝෆ࡛ HepG2⣽⬊ࢆMEMᇵᆅ(10 % FBS, 1 % NEAAྵ᭷)࡛
ᚲせ⣽⬊ᩘ௨ୖ࡟㐩ࡍࡿࡼ࠺࡟ᇵ㣴ࡋࠊ⣽⬊ࢆᅇ཰࣭㐲ᚰᚋ࡟ PBS(-)࡛ᠱ⃮ࡋ
ࡓࠋᠱ⃮ᚋ⣽⬊ィᩘࢆ⾜࠸ࠊ⣽⬊ᐦᗘ 5.0107cells/ 100 μL࡟࡞ࡿࡼ࠺࡟⣽⬊
ᩘࢆㄪᩚࡋࡓࠋ⣽⬊ᩘࢆㄪᩚᚋࠊ࣐ࢺࣜࢤࣝ࡜ΰྜ(900 μL: 100 μL= ࣐ࢺࣜࢤ
ࣝ: ⣽⬊ᠱ⃮ᾮ(5.0107cells))ࡋࠊ㏿ࡸ࠿࡟ື≀ᐇ㦂Ჷෆࡢࢡ࣮࣮࣒ࣜࣥࣝ࡬
㐠ᦙࡋࡓ(ị୰ಖᏑ)ࠋࡇࡢ࡜ࡁࠊ࣐ࢺࣜࢤࣝ࡜⣽⬊ᠱ⃮ᾮࢆΰྜࡋࡓ⁐ᾮ୰ࡢ
⣽⬊ᩘࡣࠊ5.0107cells/ mL ࡜ࡋࡓࠋ 
 ᐇ㦂ື≀࡛࠶ࡿ NOJ ࣐࢘ࢫࡢᚋ⫼㒊ࢆࣂࣜ࢝ࣥ࡜㝖ẟ๣࡟࡚㝖ẟࡋࠊ࣐࢘
ࢫࡢྑᚋ⫼㒊࡟࣐ࢺࣜࢤࣝ࡜ΰྜࡋࡓ⣽⬊ᠱ⃮ᾮࢆ 1 ᳨య࠶ࡓࡾ 100 μL (5.0
106 cells/ body)࡛㔪௜ࡁࢩࣜࣥࢪࢆ⏝࠸࡚ NOJ࣐࢘ࢫ࡬⓶ୗὀᑕ࡟ࡼࡾ⛣᳜
ࢆ⾜ࡗࡓࠋ⓶ୗ⛣᳜ᚋࡣࠊయ㔜ࡢ ᐃ࡜ࣀࢠࢫࢆ⏝࠸࡚⭘⒆ࡢ㛗ᚄ࡜▷ᚄࡢࢧ
࢖ࢬࢆ ᐃࡋࡓ(Fig. 2-10)ࠋࡲࡓࠊ ᐃࡋࡓ⭘⒆ࡢ㛗ᚄ࡜▷ᚄࡼࡾ௨ୗࡢᘧࢆ
⏝࠸࡚⭘⒆య✚ࢆ⟬ฟࡋࡓࠋࡉࡽ࡟ࠊ⣽⬊⛣᳜ᚋ 28᪥┠࡟㯞㓉ୗ࡛⭘⒆ࡢ᦬
ฟࢆ⾜࠸ࠊ⭘⒆ࡢ㔜㔞ࢆ ᐃࡋࡓࠋ 
 
(㛗ᚄ▷ᚄ▷ᚄ)¹2 = య✚ ͐య✚ࡢ⟬ฟ 
 
 
 
Fig.2-10 ᢸࡀࢇࣔࢹ࣐ࣝ࢘ࢫࡢ⭘⒆య✚ ᐃ 
(㉥㸸㛗ᚄࠊ㟷㸸▷ᚄ) 
  
⭘⒆
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ղ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟࠾ࡅࡿ 
ᢠࡀࢇ๣(DOX)࠾ࡼࡧ⸆๣⪏ᛶඞ᭹⸆(VRP)ࡢ἞⒪ຠᯝ 
 
 ⣽⬊⛣᳜ᚋࠊ඲ 28᪥㛫ࡢ୰࡛ 7, 14, 21᪥┠࡟⸆๣ࡢᢞ୚ࢆ⾜ࡗࡓ(Fig. 2-10)ࠋ
᮲௳࡜ࡋ࡚ࡣࠊTable 2-2 ࡟♧ࡋࡓࠋVRP ࢆᢞ୚ࡍࡿሙྜࡣ⭡⭍ෆᢞ୚(i.p.)࡛
25 mg/kgࡢ⃰ᗘ࡛࣐࢘ࢫ࡟ᢞ୚ࡋࡓ(VRPࢆᢞ୚ࡋ࡞࠸᮲௳࡛ࡣ⏕⌮㣗ሷỈࢆ
ᢞ୚ࡋࡓ)ࠋࡲࡓࠊDOXࢆᢞ୚ࡍࡿሙྜࡣᑿ㟼⬦ᢞ୚(i.v.)࡛ 1 mg/kgࡢ⃰ᗘ࡛
࣐࢘ࢫ࡟ᢞ୚ࡋࡓ(DOXࢆᢞ୚ࡋ࡞࠸᮲௳࡛ࡣ⏕⌮㣗ሷỈࢆᢞ୚ࡋࡓ)ࠋ࡞࠾ࠊ
DOXᢞ୚ࡢ⃰ᗘ࡟㛵ࡋ࡚ࡣࠊDOXᢞ୚ࡢࡳ࡛1, 3, 5 mg/kgࡢ᮲௳ࢆᐇ᪋ࡋࡓࠋ
࡞࠾ࠊVRP࠾ࡼࡧ DOXࡢᢞ୚⃰ᗘ࡟ࡘ࠸࡚ࡣᩥ⊩ࢆཧ⪃࡜ࡋࡓ 85-90)ࠋ 
 
Table 2-2 ⸆๣ᢞ୚ࡢ᮲௳ 
⩌ ᮲௳ i.p. i.v. 
1 ᮍ἞⒪⩌(Control) ⏕⌮㣗ሷỈ ⏕⌮㣗ሷỈ 
2 VRPᢞ୚⩌ VRP 25 mg/kg ⏕⌮㣗ሷỈ 
3 DOXᢞ୚⩌ ⏕⌮㣗ሷỈ DOX 1 mg/kg 
4 VRP+DOXే⏝⩌ VRP 25 mg/kg DOX 1 mg/kg 
 
 
 
Fig.2-10 ⣽⬊⛣᳜ᚋࡢ⸆๣ᢞ୚ 
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2-2-12  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1ࡢච␿ᰁⰍ 
 
  ࣐࣊ࢺ࢟ࢩ࣭࢚ࣜࣥ࢜ࢪࣥᰁⰍ(HEᰁⰍ)࡜MDR1ࡢච␿ᰁⰍࡣࠊ᪥ᮏࣂ࢖
࣮ࣜࣥᰴᘧ఍♫࡟౫㢗ࡋࡓࠋ3D ᇵ㣴ࡋࡓ⣽⬊ࢆྵࡴ Cellbed(ᇵ㣴ᮇ㛫ࡣ 9 ᪥
㛫)࡜⣽⬊⛣᳜ᚋ 28 ᪥┠ࡢ⭘⒆ࢆ 10 %୰ᛶ⦆⾪࣐࣍ࣝࣜࣥ⁐ᾮ࡟࡚ᅛᐃࡋࠊ
ࡑࢀࡒࢀࡢࢧࣥࣉࣝࢆࣃࣛࣇ࢕ࣥໟᇙᚋ࡟࣑ࢡࣟࢺ࣮࣒ࢆ⏝࠸࡚ษ∦ࢆస〇
ࡋࡓࠋࡇࢀࡽࡢษ∦ࢆ HEᰁⰍ࠾ࡼࡧMDR1ࢆᢠཎ࡜ࡍࡿච␿ᰁⰍࢆᐇ᪋(IgG 
Isotype᮲௳ࢆྵࡴ)ࡋࠊගᏛ㢧ᚤ㙾࡛ほᐹࢆ⾜ࡗࡓࠋ 
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2-3 ᐇ㦂⤖ᯝ 
 
2-3-1 ஧ḟඖᇵ㣴࠾ࡼࡧ୕ḟඖᇵ㣴࡟࠾ࡅࡿ DOXࡢ IC50್ 
 
⫢ࡀࢇ⣽⬊(HepG2 ⣽⬊)࡟ᑐࡍࡿ DOX ࡢ IC50 ್ࢆ⟬ฟࡍࡿࡓࡵ࡟ࠊWST-8 
assayࢆ⾜ࡗࡓࠋ᮲௳ࡣࠊ஧ḟඖᇵ㣴(2Dᇵ㣴)࡜୕ḟඖᇵ㣴(3Dᇵ㣴, Cellbedᇵ
㣴)࡟࠾࠸࡚ࠊVRPࡢᏑᅾୗ(VRP㸩)࠾ࡼࡧ㠀Ꮡᅾୗ(VRP㸫)࡛ẚ㍑ࡋࠊ⟬ฟࡉࢀ
ࡓ IC50್ࢆ Table 2-3࡟♧ࡋࡓࠋ 
⤖ᯝ࡜ࡋ࡚ࠊVRPࡢ㠀Ꮡᅾୗ࡛ࡢ DOX࡟ᑐࡍࡿ IC50್ࡣࠊ2Dᇵ㣴࡛ 5.18 μM
࡛࠶ࡿ୍᪉࡛ 3D ᇵ㣴࡛ࡣ 55.7 μM ࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ3D ᇵ㣴࡟ࡼࡿ DOX ࡢ
IC50್ࡣࠊ᪤Ꮡࡢ⸆๣⪏ᛶඞ᭹⸆࡛࠶ࡿ VRP ࡢ⣽⬊ቑṪ࡟ᙳ㡪ࢆ୚࠼࡞࠸⃰ᗘ
(100 μM, Fig. 2-12)࡛ࡢฎ⌮࡟ࡼࡾ 1.0 μM࡟ῶᑡࡋࡓྠࠋ ᵝ࡟ࠊ2Dᇵ㣴࡛ࡶ VRP
㠀Ꮡᅾୗ࡛ IC50್ࡀ 0.6 μM࡟ῶᑡࡋࡓࡀࠊ3Dᇵ㣴࡛ࡣ 2Dᇵ㣴࡟ẚ࡭ࡑࡢ⌧㇟
ຠᯝࡀ㢧ⴭ࡛࠶ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊHepG2⣽⬊࡟࠾࠸࡚ࠊMDR࡟౫Ꮡࡋࡓ
⸆๣⪏ᛶࡀ VRP࡟ࡼࡾඞ᭹ࡉࢀࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ௨ୖࡢ⤖ᯝࡼࡾࠊࢩࣜ࢝
⣔ࢼࣀࣇ࢓࢖ࣂ࣮࡛࠶ࡿ Cellbedࢆ⏝࠸ࡓ 3Dᇵ㣴ࡣࠊin vitro࡟࠾࠸࡚⸆๣⪏ᛶ
ඞ᭹⌧㇟ࢆ෌⌧ࡋࡓࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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Table 2-3 VRPฎ⌮ࡀ HepG2⣽⬊࡟࠾ࡅࡿ DOXࡢ IC50್࡟୚࠼ࡿᙳ㡪 
 
 
 
 
Fig. 2-12 VRPฎ⌮ࡀ⣽⬊ቑṪ࡟୚࠼ࡿᙳ㡪 
(A)2Dᇵ㣴ࡋࡓ㝿ࡢ VRP(-)ࡢ⏕⣽⬊ᩘࢆ 100 %࡜ࡋࡓሙྜࡢ┦ᑐ⣽⬊ᩘ (n=4) 
(B) 3Dᇵ㣴ࡋࡓ㝿ࡢ VRP(-)ࡢ⏕⣽⬊ᩘࢆ 100 %࡜ࡋࡓሙྜࡢ┦ᑐ⣽⬊ᩘ (n=4) 
 
  
Culture DOX IC50 (μM)
2D VRP (-) 5.18 ᶠ 1.76
2D VRP (+) 0.60 ᶠ 0.08
3D VRP (-) 55.7 㼼 3.87
3D VRP (+) 1.00 ᶠ 0.07
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2-3-2  3Dᇵ㣴࡟ࡼࡿ DOXࡢ⣽⬊እ᤼ฟࡢ ᐃ 
 
 ࡇࢀࡲ࡛࡟ࠊඛ⾜◊✲࡜ࡋ࡚ 2D ᇵ㣴࡛ࡣ⸆๣⪏ᛶ࡟㛵୚ࡍࡿ MDR1 ࡢⓎ⌧
ࡀపࡃࠊ3Dᇵ㣴ࡍࡿࡇ࡜࡛ MDR1 ࡢⓎ⌧ࡀୖ᪼ࡍࡿࡇ࡜ࢆぢฟࡋ࡚࠸ࡿ 73,82)ࠋ
ࡑࡇ࡛ࠊḟ࡟୕ḟඖᇵ㣴(Cellbedᇵ㣴)࡟࠾ࡅࡿHepG2⣽⬊࠿ࡽࡢᢠࡀࢇ๣(DOX)
᤼ฟάᛶ࡟ᑐࡍࡿ⸆๣⪏ᛶඞ᭹⸆(VRP)ࡢຠᯝ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ 
 DOX 50 μMࢆྵࡴᇵᆅ࡛ 1᫬㛫ᇵ㣴ࡋࠊࡑࡢᚋ࡟ VRPᏑᅾୗࡲࡓࡣ㠀Ꮡᅾୗ
࡛⤒᫬ⓗ࡞ DOX ࡢ᤼ฟάᛶࢆ ᐃࡋࡓ⤖ᯝࢆ Fig.2-13 ࡟♧ࡋࡓࠋ ᐃ㛤ጞ 30
ศᚋࡼࡾࠊVRPᏑᅾୗ࡛ࡣ DOXࡢ⣽⬊እ࡬ࡢ᤼ฟࡀ᫂ࡽ࠿࡟㜼ᐖࡉࢀࠊVRP㠀
Ꮡᅾୗ࡛ࡣ࡯ࡰ᫬㛫౫Ꮡⓗ࡟ DOXࡢ᤼ฟࡀቑຍࡋ࡚࠸ࡓࠋ 
ࡇࢀࡽࡢ⤖ᯝࡀ♧ࡍࡇ࡜ࡣࠊVRP Ꮡᅾୗ࡛ࡢ Cellbed ࢆ⏝࠸ࡓ 3D ᇵ㣴࡛ࡣࠊ
MDR1 ࡟ࡼࡿ DOXࡢ᤼ฟάᛶࡀ VRP ࡟ࡼࡾ㜼ᐖࡉࢀࡓࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ࡜
⪃࠼ࡽࢀࡿࠋ 
 
 
Fig.2-13 VRPฎ⌮ࡀ HepG2⣽⬊ࡢ DOX᤼ฟάᛶ࡟୚࠼ࡿᙳ㡪 
sS.D. (n=5), *p < 0.05 (vs. VRP(-)) 
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2-3-3  ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 
HepG2 ⣽⬊ࢆ NOJ ࣐࢘ࢫ࡟ 500106 cells/body࡛⓶ୗ⛣᳜ࢆ⾜࠸ࠊయ㔜ኚ
໬(Fig.2-14)࡜⭘⒆య✚ࡢኚ໬(Fig.2-15)ࢆグ㘓ࡋࡓࠋ⓶ୗ⛣᳜ࢆ⾜࠸ࠊ7᪥㛫ࡣ
⛣᳜ࡋࡓ⟠ᡤ࡛⭘⒆ࡣᐃ╔ࡋ࡚࠾ࡽࡎࠊ⭘⒆ࡢ㢧ⴭ࡞య✚ቑຍࡣㄆࡵࡽࢀ࡞࠿
ࡗࡓࠋࡋ࠿ࡋࠊ7 ᪥┠௨㝆࠿ࡽ⭘⒆య✚ࡣቑຍࡋ࡚࠸ࡁࠊ⛣᳜ 13 ᪥┠࠶ࡓࡾ
࠿ࡽ࣐࢘ࢫ࡟࡛ࡁࡓ⭘⒆ࡀどぬⓗ࡟ࡶ኱ࡁࡃ࡞ࡗࡓ୍᪉࡛ࠊయ㔜ࡀῶᑡࡍࡿഴ
ྥࡀぢࡽࢀࡓࠋࡑࡢᚋࠊ࣐࢘ࢫࡣ⾶ᙅࡋ࡚࠸ࡿࡼ࠺࡟ぢࡽࢀࡓࡀࠊ⛣᳜ 29᪥
⏕Ꮡࡋ࡚ᦤỈ࣭ᦤ㣗㞀ᐖࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡲࡓࠊ⣽⬊⛣᳜ᚋ 29᪥┠(᭱⤊
᪥)ࡢ⭘⒆య✚ࡣᖹᆒ 2143.5 mm3ࠊ᦬ฟࡋࡓ⭘⒆ࡢ㔜㔞ࡣᖹᆒ 1.16 g ࡛࠶ࡾ
(Fig.2-16)ࠊᴟ➃࡞ࣂࣛࡘࡁࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ(Fig.2-17)ࠋ 
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Fig.2-14 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢయ㔜ኚ໬ 
 
 
 
Fig.2-15 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢ⭘⒆య✚ࡢ᥎⛣ 
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Fig.2-16 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆㔜㔞 
 
 
 
Fig.2-17 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆ 
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2-3-4  ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟࠾ࡅࡿ DOXᢞ୚⃰ᗘࡢ᮲௳タᐃ 
 
HepG2 ⣽⬊ࢆ NOJ ࣐࢘ࢫ࡟⓶ୗ⛣᳜ࡋࡓᚋࡢయ㔜ኚ໬ࢆ Fig. 2-18 ࡟♧ࡋ
ࡓࠋࡲࡓࠊ⓶ୗ⛣᳜ࢆ⾜ࡗ࡚࠸࡞࠸ Normalࡢ᮲௳(㐌 1ࡢ⏕⌮㣗ሷỈࡢᑿ㟼⬦
ὀᑕࡣ⾜ࡗࡓ)ࡶ Fig.2-18ࡢ⣸Ⰽࡢ⥺࡛♧ࡋࡓࠋయ㔜ኚ໬ࡣࠊControl࡜ DOX 1 
mg/kgࡢ᮲௳࡛ࡣ࡯ࡰྠࡌయ㔜᥎⛣࡜࡞ࡗ࡚࠾ࡾࠊᦤ㣗ᦤỈ㞀ᐖࡶぢࡽࢀ࡞࠿
ࡗࡓࠋ୍᪉࡛ࠊDOX 3 mg/kg࠾ࡼࡧ DOX 5 mg/kg࡛ࡣ DOXᢞ୚ᚋ࡟㢧ⴭ࡞య
㔜ῶᑡࡀ☜ㄆࡉࢀࠊ᭷ពᕪ᳨ᐃ(T᳨ᐃ, ୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ࡜ࡇࢁࠕControl vs. 
DOX 3mg/kg࡛ࠖࡣ⣽⬊⛣᳜ᚋ 20᪥┠௨㝆ࡢ୍㒊(20 days, 22~26 days)࡛᭷ពᕪ
ࡀぢࡽࢀࡓࠋࡲࡓࠊࠕControl vs. DOX 5mg/kg࡛ࠖࡣ⣽⬊⛣᳜ᚋ 9᪥┠௨㝆඲࡚
࡟࠾࠸࡚ Control࡜ẚ࡭࡚᭷ព࡟య㔜ࡀῶᑡࡋࡓࡇ࡜ࡀ♧ࡉࢀ࡚࠾ࡾࠊ⣽⬊⛣
᳜ 23᪥┠࡟ࡣ࣐࢘ࢫࡢ 1༉ࡀ⾶ᙅṚࡋ࡚࠸ࡓࠋࡉࡽ࡟ࠊ୧᮲௳࡛ࡣ࣐࢘ࢫࡢ
య㔜ῶᑡ࡜ඹ࡟ࠊᦤ㣗ᦤỈ㞀ᐖࡀぢࡽࢀࡓࠋ 
HepG2⣽⬊ࢆ NOJ࣐࢘ࢫ࡟⓶ୗ⛣᳜ࡋࡓᚋࡢ⭘⒆య✚ࡢኚ໬ࢆ Fig.2-19࡟
♧ࡋࡓࠋ⓶ୗ⛣᳜ᚋ 28᪥┠࡟࠾࠸࡚ࠊ⭘⒆య✚ࡢᖹᆒࡣ Control㸼DOX 1mg/kg
㸼DOX 3mg/kg㸼DOX 5mg/kgࠊ࡜࡞ࡗ࡚࠾ࡾࠊDOXࡢ⃰ᗘ౫Ꮡⓗ࡟⭘⒆య✚
ࡢቑຍࢆᢚไࡋ࡚࠸ࡓࠋࡲࡓࠊControl࡜ྛ DOX⃰ᗘ࡛ࡢ᭷ពᕪ᳨ᐃ(T᳨ᐃ, 
୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ࡜ࡇࢁࠊࠕControl vs. DOX 1 mg/kgࠖ࠾ࡼࡧࠕControl vs. DOX 
3 mg/kg࡛ࠖ ࡣ⛣᳜ᚋ 28᪥┠ࡲ࡛᭷ព࡞ᕪࡀぢࡽࢀ࡞࠿ࡗࡓ୍ࠋ ᪉࡛ࠊࠕControl 
vs. DOX 5 mg/kgࠖ࡟࠾࠸࡚ࠊ⛣᳜ᚋ 17᪥┠௨㝆࡛᭷ព࡞ᕪࡀぢࡽࢀࠊDOX༢
య࡛㢧ⴭ࡞⭘⒆య✚ࡢቑຍࢆᢚไࡋ࡚࠸ࡓࠋࡲࡓࠊDOX 5mg/kgࡢ᮲௳ࡣ⣽⬊
⛣᳜ᚋ 23᪥┠࡟⾶ᙅṚࡋ࡚࠸ࡓࡓࡵࠊ௨㝆ࡣ n=2࡛♧ࡋ࡚࠸ࡿࠋ 
ḟ࡟ࠊ⣽⬊⛣᳜ 28᪥┠࡟᦬ฟࢆ⾜ࡗࡓ⭘⒆ࢆ Fig.2-20࡟♧ࡋࠊࡑࢀࡽࡢ㔜
㔞ࡢᖹᆒ್ࢆ Fig.2-21 ࡟♧ࡋࡓࠋ⭘⒆㔜㔞ࡢᖹᆒࢆ Control(DOX ᮍᢞ୚)࡜
DOX ᢞ୚⩌࡛ẚ㍑ࡍࡿࡓࡵࠊ᭷ពᕪ᳨ᐃ(T ᳨ᐃ, ୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ⤖ᯝࠊ
ࠕControl vs. DOX 3mg/kgࠖ࠾ࡼࡧࠕControl vs. DOX 5mg/kg࡛ࠖ᭷ព࡞ᕪࡀ࠶
ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢࡇ࡜ࡼࡾࠊDOX 3mg/kg࠾ࡼࡧ 5mg/kg࡛ࡣ DOXࡢࡳ
࡛⭘⒆ࡢቑṪᢚไຠᯝࡀ࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ୍᪉ࠊ୧᮲௳࡛ࡣࠊయ㔜ῶᑡ࡜
࠸࠺๪స⏝ࡀ࠶ࡿࡇ࡜ࡶุ᫂ࡋࡓࠋ 
⸆๣⪏ᛶඞ᭹⸆࡟ࡼࡿ⸆๣⪏ᛶඞ᭹⌧㇟ࢆほ ࡍࡿࡓࡵ࡟ࡣࠊDOX ༢⊂࡛
⸆ẘᛶ(๪స⏝㸸య㔜ኚ໬)ࢆ♧ࡉࡎࠊ἞⒪ຠᯝࡀ࡞࠸(⸆๣⪏ᛶࡢⓎ⌧)᮲௳ࡀ
ᮃࡲࡋ࠸ࠋࡑࡢࡓࡵࠊ௨ୖࡢ⤖ᯝࡼࡾࠊVRPࢆ⏝࠸ࡓ⸆๣⪏ᛶඞ᭹⌧㇟ࡢヨ㦂
࡛ࡢ DOX⃰ᗘࡣ 1 mg/kgࡀ㐺ษ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ 
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Fig.2-18 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ DOXࢆᢞ୚ࡋࡓ㝿ࡢయ㔜ኚ໬ 
 
 
 
 
 
Fig.2-19 ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ DOXࢆᢞ୚ࡋࡓ㝿ࡢ⭘⒆య✚ኚ໬ 
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Fig.2-20  DOXࢆᢞ୚ࡋࡓ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆ 
 
 
 
Fig.2-21 DOXࢆᢞ୚ࡋࡓ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆㔜㔞 
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2-3-5 ᢸࡀࢇࣔࢹ࣐ࣝ࢘ࢫ࡟࠾ࡅࡿ DOXࡢᢠ⭘⒆άᛶホ౯ 
࠾ࡼࡧ VRPే⏝࡟ࡼࡿ⸆๣⪏ᛶඞ᭹ࡢホ౯ 
 
 ⣽⬊⛣᳜ᚋࡢ 28 ᪥㛫࡛ࡢ࣐࢘ࢫࡢయ㔜ኚ໬ࢆ Fig2-22 ࡟♧ࡋࡓࠋᢸࡀࢇࣔ
ࢹ࣐ࣝ࢘ࢫ࡟࠾࠸࡚ࠊControl(ᮍ἞⒪⩌)ࠊVRP(25 mg/kg)ᢞ୚⩌ࠊDOX(1 mg/kg)
ᢞ୚⩌ࠊVRP+DOXᢞ୚⩌ࡢ඲ 4⩌ࡣࠊ⣽⬊⛣᳜ᚋ 28᪥㛫࡛య㔜ࡀᚎࠎ࡟ῶ
ᑡࡋ࡚࠾ࡾࠊࡇࢀࡣ Control࡜⸆๣ᢞ୚⩌࡜ࡢ᭷ពᕪࡣ↓࠸ࡓࡵࠊ⸆๣࡟ࡼࡿ
㔜⠜࡞๪స⏝ࢆ♧ࡉ࡞࠸ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ 
 ḟ࡟ࠊDOX࠾ࡼࡧ VRPࡢ἞⒪ຠᯝࢆㄪ࡭ࡿࡓࡵࠊ⣽⬊⛣᳜ᚋࡢ⭘⒆య✚ࡢ
ኚ໬ࢆ Fig.2-23࡟♧ࡋࡓࠋControlࡢᖹᆒ⭘⒆య✚ࡣ 1564.9±370.5 mm3࡛࠶ࡾࠊ
VRPᢞ୚⩌ࡢ 1571.5±390.5 mm3ࠊDOXᢞ୚⩌ࡢ 1562.6±594.3 mm3࡜ẚ㍑ࡋ࡚
ࡶ᭷ពᕪࡣぢࡽࢀ࡞࠿ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊVRP+DOXᢞ୚⩌࡛ࡣ 942.4s264.4 
mm3ࢆ♧ࡋࠊ⭘⒆య✚ࡢ㢧ⴭ࡞ῶᑡࡀほᐹࡉࢀࠊControl ࡜ẚ࡭࡚⭘⒆య✚ࡣ
40 %ῶᑡࡋࡓࠋ 
 ᭱ᚋ࡟ࠊ⣽⬊⛣᳜ 28᪥┠࡟⭘⒆ࢆ᦬ฟࡋࠊ⭘⒆㔜㔞ࢆ ᐃࡋࡓࠋ᦬ฟࡋࡓ
⭘⒆ࢆ Fig.2-24࡟♧ࡋࠊ㔜㔞ࢆ Fig.2-25࡟♧ࡋࡓࠋ᦬ฟࡋࡓ⭘⒆ࡢほᐹ࠿ࡽࡶࠊ
VRP+DOXᢞ୚⩌ࡣ௚ࡢ᮲௳ࡼࡾ⭘⒆ࡀᑠࡉ࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࡲࡓࠊᐇ㝿ࡢ
⭘⒆㔜㔞ࡣ Control(1.55 gs0.36 g)࡜ẚ㍑ࡋ࡚ VRP+DOXᢞ୚⩌(1.07 gs0.26 g)
ࡣ᭷ព࡟⭘⒆㔜㔞ࡀῶᑡࡋ࡚࠸ࡓࠋ 
 ௨ୖࡢ⤖ᯝࡣࠊDOX ༢๣࡛ࡣ⸆๣⪏ᛶࢆ♧ࡋ࡚ᢠ⭘⒆άᛶࡀᚓࡽࢀ࡞࠸ࡢ
࡟ᑐࡋ࡚ࠊ⸆๣⪏ᛶඞ᭹⸆࡛࠶ࡿ VRP ࡜⤌ࡳྜࢃࡏࡿࡇ࡜࡛ᢠ⭘⒆άᛶࡀᚓ
ࡽࢀࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ 
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Fig.2-22 ⸆๣ᢞ୚࡟ࡼࡿ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢయ㔜ኚ໬ 
Dose: VRP 25 mg/kg, DOX 1 mg/kg 
⸆๣ࡢᢞ୚᪥ࢆ㉥▮༳࡛♧ࡋࡓ 
 
 
 
Fig.2-23 ⸆๣ᢞ୚࡟ࡼࡿ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢ⭘⒆య✚ኚ໬ 
Dose: VRP 25 mg/kg, DOX 1 mg/kg 
⸆๣ࡢᢞ୚᪥ࢆ㉥▮༳࡛♧ࡋࡓ 
**p < 0.01 (vs. Control) 
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Fig.2-24 ⸆๣ᢞ୚ࡋࡓ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆ 
Scale bars: 1 cm 
 
 
Fig.2-25 ⸆๣ᢞ୚ࡋࡓ⫢ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠿ࡽ᦬ฟࡋࡓ⭘⒆㔜㔞ࡢ 
Dose: VRP 25 mg/kg, DOX 1 mg/kg 
*p < 0.05 (vs. Control) 
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2-3-6  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1Ⓨ⌧ࡢẚ㍑ 
 
 ච␿⤌⧊ᰁⰍ࡟ࡼࡾࠊin vitro(3Dᇵ㣴; Cellbedᇵ㣴)࡜ in vivo(⭘⒆)࡟࠾ࡅࡿ
MDR1 ࡢⓎ⌧࡟ࡘ࠸࡚ホ౯ࢆ⾜࠸ࠊ⤖ᯝࢆ Fig.2-26 ࡟♧ࡋࡓࠋ࣐࣊ࢺ࢟ࢩࣜ
࣭࢚ࣥ࢜ࢪࣥᰁⰍ(HE ᰁⰍ)ࡢ⤖ᯝࡼࡾࠊ୧ࢧࣥࣉࣝ୰ࡢ⣽⬊ࡣ⏕Ꮡࡋ࡚࠸ࡿ
ࡇ࡜ࡀ♧ࡉࢀࠊin vitroࡢ Cellbedୖ࡛ࡣ 3~4ࡘࡢ⣽⬊ᒙࡀᙧᡂࡉࢀ࡚࠸ࡿࡇ࡜
ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ(A, E)ࠋIgG IsotypeᰁⰍࡣࠊ୧ࢧࣥࣉࣝ࡟࠾࠸࡚MDR1ࡢච
␿ᰁⰍࡢ㠀≉␗ⓗࣂࢵࢡࢢࣛ࢘ࣥࢻࢆ♧ࡋ࡚࠸ࡿ(B, F)ࠋࡑࡋ࡚ࠊMDR1ᰁⰍ
࡟ࡼࡾࠊMDR1㝧ᛶ⣽⬊ࡣ୧ࢧࣥࣉࣝ࡟࠾࠸࡚᫂☜࡟ほᐹࡉࢀࡓ(C, G)ࠋࡉࡽ
࡟ࠊMDR1 ࡣ⣽⬊࡜⣽⬊ࡢ᥋╔Ⅼ࡟㒊ศⓗ࡟ᒁᅾࡋ࡚࠸ࡓࡇ࡜ࡀุ᫂ࡋࡓ(D, 
Hࡢ㉥▮༳ࠊFig.2-27)ࠋMDR1ࡣ⏕యෆ࡛ࡣ⣽⬊࡜⣽⬊ࡢ㛫࡟ᙧᡂࡉࢀࡿẟ⣽
⫹⟶࡟Ⓨ⌧ࡉࢀࡿࡇ࡜࠿ࡽࠊࡇࢀࡽࡢ⤖ᯝࡣࠊCellbedࢆ⏝࠸ࡓ 3Dᇵ㣴(in vitro)
ࡀ in vivoࡢᚤᑠ⎔ቃࢆ෌⌧ࡋ࡚࠸ࡿྍ⬟ᛶࢆ♧ࡋ࡚࠸ࡿࠋ 
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Fig.2-26  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1Ⓨ⌧ࡢẚ㍑ 
A, E: HEᰁⰍ 
B, F: Isootype IgG 
C, G: MDR1ࡢච␿ᰁⰍ 
D, H: C࠾ࡼࡧ GࡢⅬ⥺㯮ᯟ㒊ศࡢᣑ኱ 
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2-4 ⥲ᣓ 
 
 ࡇࢀࡲ࡛࡟ࠊᮏ◊✲ᐊ࡛ࡣ⫢⮚ࡀࢇ⣽⬊(HepG2⣽⬊)ࢆ 3Dᇵ㣴ࡍࡿࡇ࡜࡛ࠊ
2Dᇵ㣴ࡼࡾࡶ㧗࠸MDR1ࡢⓎ⌧ࡀㄆࡵࡽࢀࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 73, 82)ࠋࡉࡽ
࡟ࠊCellbed ࡟ࡼࡿ 3D ᇵ㣴ࢩࢫࢸ࣒ࡣࠊHIF-1α ࡜࠸ࡗࡓప㓟⣲ㄏᑟᅉᏊࡍࡽ
ࡶⓎ⌧ࡍࡿࡇ࡜ࢆ♧ࡋ࡚࠾ࡾࠊᐇ㝿ࡢ⏕యࡀࢇ⤌⧊࡟࠾ࡅࡿప㓟⣲࡞ᚤᑠ⎔ቃ
ࡶᶍೌࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡿࠋ 
ᮏ❶࡛ࡣࠊࡀࢇࡢ໬Ꮫ⒪ἲ࡟࠾ࡅࡿၥ㢟Ⅼࡢ 1ࡘ࡛࠶ࡿࠊᢠࡀࢇ๣࡟ᑐࡍࡿ
⸆๣⪏ᛶࡢⓎ⌧࡜ࡑࢀࢆඞ᭹ࡍࡿ⸆๣⪏ᛶඞ᭹⸆ࡢ᪂つ࡞ࢫࢡ࣮ࣜࢽࣥࢢἲ
࡟㛵ࡋ࡚ㄽࡌࡓࡶࡢ࡛࠶ࡿࠋ୕ḟඖᇵ㣴ᢸయ Cellbed ࢆ⏝࠸ࡓ 3Dᇵ㣴࡟ࡼࡿ
in vitro ࢔ࢵࢭ࢖⣔ࡀࠊin vivo ࡛㉳ࡇࡿ⸆๣⪏ᛶ⌧㇟࡜⸆๣⪏ᛶඞ᭹⌧㇟ࢆ෌
⌧ࡋᚓࡿ࠿᪤▱ࡢ⸆๣ࢆ⏝࠸᳨࡚ドࡋࠊ௨ୗ࡟ෆᐜࢆࡲ࡜ࡵࡓࠋ 
 
1. ⫢ࡀࢇ⣽⬊(HepG2 ⣽⬊)ࢆ 2D ᇵ㣴ࡍࡿ࡜ᢠࡀࢇ๣(DOX)࡟ᑐࡍࡿ IC50್
ࡀపࡃࠊ2D ᇵ㣴࡛ࡣ⸆๣⪏ᛶඞ᭹⸆ࡢࢫࢡ࣮ࣜࢽࣥࢢࢆ⾜ࡗ࡚ࡶ᭷ຠ࡞
⸆≀ࡢ㑅ᐃࡀᅔ㞴࡛࠶ࡿྍ⬟ᛶࡀ♧ࡉࢀࡓࠋ 
 
2. Cellbed࡟ࡼࡿ 3Dᇵ㣴࡟ࡼࡾ DOXᑐࡍࡿ IC50್ࡀ㧗ࡲࡾࠊࡉࡽ࡟⣽⬊እ
᤼ฟάᛶࡶ㧗ࡃ࡞ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢࡇ࡜ࡣ 3Dᇵ㣴࡟ࡼࡾMDR1ࡢ
Ⓨ⌧ࡀከࡃ࡞ࡾ⸆๣⪏ᛶ⌧㇟ࡀ෌⌧࡛ࡁࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
 
3. ᪤Ꮡࡢ MDR1 㜼ᐖ⸆࡛࠶ࡿ VRP ฎ⌮ࢆࡍࡿࡇ࡜࡛ࠊDOX ࡢ IC50್ࡢప
ୗ࡜ DOX ࡢ᤼ฟάᛶࡀᢚไࡉࢀࡓࡓࡵࠊ3Dᇵ㣴࡟ࡼࡾ㉳ࡁࡓ㧗࠸ DOX 
ࡢ IC50್ࡣࠊ⸆๣⪏ᛶඞ᭹⌧㇟ࡢ⤖ᯝ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
 
4. ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟๪స⏝ࡀぢࡽࢀ࡞࠸ DOX⃰ᗘ(1 mg/kg)࡟࠾࠸࡚ࠊ
⭘⒆య✚ࡀᮍ἞⒪⩌࡜ẚ㍑ࡋ࡚἞⒪ຠᯝࡀぢࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣ DOX
࡟ᑐࡍࡿ⸆๣⪏ᛶ⌧㇟ࡢ⤖ᯝ㉳ࡁࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
 
5. ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ VRP࡜ DOXࢆే⏝ࡋ࡚ᢞ୚ࡍࡿࡇ࡜࡛ࠊᮍ἞⒪
⩌࡜ẚ㍑ࡋ࡚㢧ⴭ࡞⭘⒆ࡢቑṪ㜼ᐖࡀぢࡽࢀࡓࡓࡵࠊ⸆๣⪏ᛶඞ᭹⌧㇟ࡀ
ほ ࡉࢀࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
 
6. MDR1ࡢච␿ᰁⰍ࡟ࡼࡾࠊin vitro(3Dᇵ㣴)࠾ࡼࡧ in vivo࡛ࡣMDR1ࡀ⣽
⬊࡜⣽⬊ࡢ᥋╔㒊఩࡟ᒁᅾࡋ࡚Ⓨ⌧ࡋ࡚࠾ࡾࠊࡇࢀࡀ⸆๣⪏ᛶࢆ⏕ࡌࡉࡏ
ࡿཎᅉ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ 
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  
௨ୖࡢ in vitro࡜ in vivoࡢ⤖ᯝࡣࠊ୕ḟඖᇵ㣴ᢸయ Cellbedࢆ⏝࠸ࡓ 3Dᇵ㣴
ࡀࠊin vivo࡛ࡢ⸆๣⪏ᛶࢆඞ᭹ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ⸆๣ࡢࢫࢡ࣮ࣜࢽࣥࢢࡢࡓࡵ
ࡢ⣽⬊࣮࣋ࢫࡢ࢔ࢵࢭ࢖⣔ࢆᥦ౪࡛ࡁࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 
⸆๣ࡢ㛤Ⓨ࡟࠾࠸࡚ࠊࡇࡢࡼ࠺࡞๓⮫ᗋヨ㦂(in vivo)ࢆண ྍ⬟࡞ࣄࢺ⏤᮶
ࡢ⣽⬊ࢆ⏝࠸ࡓ࢔ࢵࢭ࢖⣔ࡣࠊ↓⏝࡞኱つᶍࡢ๓⮫ᗋヨ㦂ࢆᅇ㑊ࡋࠊ࠿ࡘࣄࢺ
࡬ࡢ⮫ᗋヨ㦂࡟࠾࠸࡚᭷ຠ࡞⸆๣ࡢ㑅ᐃࢆྍ⬟࡜ࡍࡿࡇ࡜ࡀ᝿ᐃࡉࢀࡿࠋࡑࡋ
࡚ࠊࡑࡢ⣽⬊࣮࣋ࢫࡢࢫࢡ࣮ࣜࢽࣥࢢ࡛ࡣࠊࡼࡾ⡆౽࡞᪉ἲ࡛ in vivo ࢆ෌⌧
ྍ⬟࡞࢔ࢵࢭ࢖⣔ࡀồࡵࡽࢀࡿࠋࡑࡢࡓࡵࠊ௒ᅇᐇ᪋ࡋࡓࢩࣜ࢝⣔ࢼࣀࣇ࢓࢖
ࣂ࣮࡛࠶ࡿ Cellbedࡣࠊ⣽⬊✚ᒙᆺࡢ 3Dᇵ㣴ࢆ⾜ࡗ࡚ᐜ᫆࡟ᒙࡢཌࡳࢆᆒ୍
࡟ไᚚ࡛ࡁࠊin vivo ࡛㉳ࡇࡿ MDR1 ࡟౫Ꮡࡋࡓ⸆๣⪏ᛶࢆ෌⌧࡛ࡁࡿࡇ࡜ࡀ
ุ᫂ࡋࡓࡓࡵࠊ௒ᚋࠊࡀࢇࢆඞ᭹ࡍࡿࡓࡵࡢ⸆๣⪏ᛶඞ᭹⸆ࡢ㛤Ⓨ࡟࠾࠸࡚᭷
ᮃ࡞ in vitro࢔ࢵࢭ࢖⣔࡜࡞ࡾᚓࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
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➨ 3❶ ࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒࡟ࡼࡿ⫢ࡀࢇᖿ⣽⬊ࡢቑṪᢚไຠᯝ 
 
3-1 ᗎ 
 
ࡀࢇࡣୡ⏺ⓗ࡟ぢ࡚ࡶṚஸཎᅉࡢୖ఩࡟࠶ࡿ⑌ᝈࡢ 1 ࡘ࡛࠶ࡿࡀࠊࡀࢇࡢ
᏶඲ඞ᭹࡟ࡣ⮳ࡗ࡚࠸࡞࠸ࠋࡑࡢཎᅉ࡜ࡋ࡚ࠊࡀࢇᖿ⣽⬊ࡢᏑᅾࡀᣲࡆࡽࢀࡿࠋ
ࡀࢇᖿ⣽⬊ࡣࠊ1990 ᖺ௦ᛴᛶ㦵㧊ᛶⓑ⾑⑓࠿ࡽึࡵ࡚ྠᐃࡉࢀ 43, 44)ࠊࡑࡢᚋ
࡟ 2000ᖺ௦࡟ධࡾࠊஙࡀࢇࠊ⚄⤒⭺⭘ࠊ⓶⭵ࡀࢇࠊ⫵ࡀࢇࠊ኱⭠ࡀࢇ࡞࡝ᵝࠎ
࡞⤌⧊࡛ࡀࢇᖿ⣽⬊ࡢᏑᅾࡀሗ࿌ࡉࢀ࡚࠸ࡿ 45, 46)ࠋࡀࢇᖿ⣽⬊ࡣᖿ⣽⬊ࡢᛶ
㉁(㠀ᑐ⛠ศ⿣⬟)ࡔࡅ࡛ࡣ࡞ࡃࠊ㧗࠸⸆๣⪏ᛶ⬟ࡸ㧗࠸⭘⒆ᙧᡂ⬟ࡶ᭷ࡍࡿࡓ
ࡵࠊᢠࡀࢇ๣࡬ࡢ἞⒪᢬ᢠᛶࡸ෌Ⓨ࡜࠸ࡗࡓ἞⒪ࡢணᚋ୙Ⰻ࡟῝ࡃ㛵୚ࡋ࡚࠸
ࡿ࡜᥎ ࡉࢀࡿ(Fig. 3-1)5)ࠋࡑࡢ౛࡜ࡋ࡚ࠊࡀࢇᖿ⣽⬊࡟ࡣᖿ⣽⬊ࢽࢵࢳ࡜࿧
ࡤࢀࡿ࠸ࢃࡺࡿఇ╀≧ែࡀ࠶ࡾ 91)ࠊࡇࢀࡣᮏ᮶ᖿ⣽⬊⮬㌟ࡢᛶ㉁ࢆ⥔ᣢࡍࡿ
ࡓࡵࡢࡶࡢ࡛࠶ࡿࠋᢠࡀࢇ๣ࡣࡀࢇ⣽⬊ࡢቑṪᮇ࡟࠶ࡓࡿ⣽⬊࡟స⏝ࢆᣢࡘᛶ
㉁ࡀ࠶ࡿࠋࡑࡢࡓࡵࠊఇ╀≧ែࡢࡀࢇᖿ⣽⬊ࢆ᧞⁛ࡍࡿࡇ࡜ࡣฟ᮶ࡎࠊࡇࢀࡀ
ࡀࢇࡢ෌Ⓨཎᅉࡢ୍ࡘ࡜࡞ࡗ࡚࠸ࡿࠋࡲࡓࠊࡀࢇᖿ⣽⬊ࡢ㧗࠸⸆๣⪏ᛶ⬟ࡣ
ABCࢺࣛࣥࢫ࣏࣮ࢱ࣮ࡢάᛶ໬࡟⏤᮶ࡋ࡚࠸ࡿ 5, 6)ࠋࡇࡢ ABCࢺ࣏࣮ࣛࣥࢱ
࣮ࡣࠊ⸆๣ࡢ᤼ฟ࡟㛵୚ࡋ࡚࠾ࡾࠊࡀࢇᖿ⣽⬊ࡣࡇࡢ ABCࢺ࣏࣮ࣛࣥࢱ࣮ࢆ
⏝࠸࡚ࠊ⣽⬊ෆ࡟ධࡾ㎸ࢇࡔᢠࡀࢇ๣ࢆ᤼ฟࡋࠊᢠࡀࢇ๣࡟ᑐࡋ࡚⪏ᛶࢆᣢࡘ
ࡼ࠺࡟࡞ࡿࠋࡑࡢࡓࡵࠊ෌Ⓨࡋࡓࡀࢇ࡟ࡣᢠࡀࢇ๣ࡢຠᯝࡀⷧࡃࠊከ㔞ࡢᢠࡀ
ࢇ๣ࡸูࡢ✀㢮࡜ࡢᢠࡀࢇ๣ྠኈࡢే⏝࡞࡝ࡀ⮫ᗋ࡛ࡣ⾜ࢃࢀ࡚࠸ࡿࠋࡇࢀ࡟
ࡼࡗ࡚ṇᖖ࡞⣽⬊࡟ࡶᙳ㡪ࡋࠊⓑ⾑⌫ῶᑡࡸࠊᝏᚰࠊ჎ྤࠊୗ⑩ࠊ⬺ẟࠊ⫢ᶵ
⬟㞀ᐖ➼ࡢᙉ࠸๪స⏝࡞࡝ࡀၥ㢟どࡉࢀ࡚࠸ࡿࠋࡇࢀࡽࡢ๪స⏝ࡣᝈ⪅ࡢ
QOL ࢆపୗࡉࡏࠊሙྜ࡟ࡼࡗ࡚ࡣ㔜⠜࡞๪స⏝࡟ࡼࡗ࡚ᝈ⪅ࡀṚஸࡍࡿࡇ࡜
ࡶ࠶ࡿࠋ 
ࡇࡢࡼ࠺࡟ࡀࢇᖿ⣽⬊ࡢᏑᅾ࡜ࡑࡢ≉ᛶࡀ᫂ࡽ࠿࡟࡞ࡾࡘࡘ࠶ࡿࡀࠊࡀࢇᖿ
⣽⬊࡟ᑐࡋ࡚≉␗ⓗ࡟స⏝ࡍࡿ໬Ꮫ⒪ἲ๣ࡣ㛤Ⓨ୰࡛࠶ࡾࠊᮍࡔᬑཬ࡟⮳ࡗ࡚
࠸࡞࠸ࠋࡀࢇᖿ⣽⬊ࢆᶆⓗ࡜ࡍࡿ⸆๣ࡢ㛤Ⓨ࡛᭱ࡶ㐍ࢇ࡛࠸ࡿ౛࡜ࡋ࡚ࡣࠊ
Napabucasin㸦BBI608㸧ࡀᣲࡆࡽࢀࡿ 92)ࠋࡇࡢᢠࡀࢇ๣ࡣࠊSTAT3ࡸ β-࢝ࢸࢽ
ࣥ࡞࡝ࡢ⤒㊰ࢆ㜼ᐖࡍࡿࡇ࡜࡛ࠊ⫶ࠊ኱⭠ࠊࡍ࠸⮚ࡢࡀࢇᖿ⣽⬊ࢆᢚไࡋ࡚༢
๣࡛ࡀࢇࡢ἞⒪ࡀᮇᚅࡉࢀࡓࡀࠊ➨Ⅲ┦࡟࠾ࡅࡿ⮫ᗋヨ㦂࡛᭷ຠᛶࡀㄆࡵࡽࢀ
ࡎࠊࡉࡽ࡟๪స⏝ࡶ☜ㄆࡉࢀࡓࡓࡵࠊᮍࡔ୍⯡ᬑཬ࡟ࡣ⮳ࡗ࡚࠸࡞࠸ 93)ࠋࡑࡢ
ࡓࡵ⌧ẁ㝵ࡢ໬Ꮫ⒪ἲ࡟ࡼࡿ἞⒪࡛ࡣࠊ᪤Ꮡࡢᢠࡀࢇ๣ࢆ⤌ࡳྜࢃࡏ࡚౑⏝ࡍ
ࡿ᪉ἲ(ే⏝⒪ἲ)ࡀྲྀࡽࢀ࡚࠸ࡿࡀࠊ౑⏝ࡉࢀࡿᢠࡀࢇ๣ࡢ✀㢮ࡀቑ࠼ࡿࡓࡵ
㔜⠜࡞๪స⏝ࡢᠱᛕࡀ࠶ࡿࠋ 
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⫢⮚ࡀࢇ࡛ࡶࠊࡀࢇᖿ⣽⬊ࡢᏑᅾࡀሗ࿌ࡉࢀ࠾ࡾࠊࣇ࣮ࣟࢧ࢖ࢺ࣓ࢺ࣮ࣜ
(FCM)ゎᯒ࡛ࡣ⣽⬊⾲㠃࣐࣮࣮࡛࢝࠶ࡿ CD13, CD90, CD133, CD326 (EpCAM)
࡞࡝ࡀ⫢ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ሗ࿌ࡉࢀ࡚࠸ࡿ 94-96)ࠋࡉࡽ࡟ࠊࡇࢀࡽࡢ࣐
࣮࣮࡛࢝ゎᯒࡉࢀࡓ⫢ࡀࢇᖿ⣽⬊ࡣࠊ⭘⒆ཎᛶホ౯࡛࠶ࡿ㌾ᐮኳࢥࣟࢽ࣮ᙧᡂ
ἲ࡛ࢥࣟࢽ࣮ࢆసࡾࡸࡍࡃࠊin vivo࡛ࡶᑡ࡞࠸⣽⬊ᩘ࡛⭘⒆ࢆᙧᡂࡍࡿࡇ࡜ࡀ
▱ࡽࢀ࡚࠸ࡿ 96)ࠋࡑࡋ࡚ࠊ⭘⒆ᙧᡂ⬟ࡔࡅ࡛ࡣ࡞ࡃࠊ⸆๣᤼ฟ࡟㛵୚ࡍࡿ ABC
ࢺࣛࣥࢫ࣏࣮ࢱ࣮ࡢ㧗࠸Ⓨ⌧࡟⏤᮶ࡋࡓᢠࡀࢇ๣(౛㸸Doxorubicin, DOX)࡟ᑐ
ࡍࡿ⸆๣⪏ᛶࡢሗ࿌ࡶ▱ࡽࢀ࡚࠸ࡿ 97)ࠋ 
ᵝࠎ࡞ሗ࿌ࡢ୰࡛᭷ᮃ࡞࣐࣮࣮࢝࡟ࡘ࠸࡚ࠊCD࣐࣮࣮࢝ࢆྵࡴ⫢ࡀࢇᖿ⣽
⬊࣐࣮࣮࢝ࡢ౛ࢆୗグ࡟♧ࡋࡓ 94-96,98)ࠋCD࡜ࡣࠊCluster of differentiation㸦CD㸧
ศ㢮࡜࿧ࡤࢀࡿࡶࡢ࡛ࠊඖ᮶ࡣࣄࢺⓑ⾑⌫ࢆ୺࡜ࡋࡓᵝࠎ࡞⣽⬊⾲㠃࡟Ꮡᅾࡍ
ࡿᢠཎ࡟⤖ྜࡍࡿࣔࣀࢡ࣮ࣟࢼࣝᢠయࢆᅜ㝿ⓗ࡟⤫୍ࡋ࡚ศ㢮ࡍࡿࡓࡵ࡟ᐃ
ࡵࡽࢀࡓࠋ⌧ᅾࡢ CD࣐࣮࣮࢝ࡣⓑ⾑⌫ࢆጞࡵ࡜ࡍࡿ㐀⾑⣔ࡔࡅ࡛࡞ࡃࠊ⣽⬊
᥋╔⣔ࡸࢺࣛࣥࢫ࣏࣮ࢱ࣮࡞࡝✀ࠎࡢ⣽⬊ࡢ≉ᚩࡸᛶ㉁ࢆゎᯒࡍࡿࡓࡵ࡟㔜
せ࡞ࡶࡢ࡜࡞ࡗ࡚࠸ࡿࠋࡀࢇᖿ⣽⬊ࡢ◊✲࡛ࡶࠊCD ࣐࣮࣮࢝ࡣ㔜せ࡛࠶ࡾࠊ
ᩥ⊩࡛ࡣᵝࠎ࡞࣐࣮࣮࢝ࡀᥦၐࡉࢀ࡚࠸ࡿࡀࠊ⌧ᅾࠊᅜ㝿ᇶ‽ࡢࡼ࠺࡞ᬑ㐢ⓗ
࡞࣐࣮࣮࢝ࡣᐃࡵࡽࢀ࡚࠸࡞࠸ࠋ 
ձ CD133 
CD133ࡣ⫢ࡀࢇᖿ⣽⬊࡟࠾࠸࡚᭱ࠊ ࡶ᭷ຊ࡞⣽⬊⾲㠃࣐࣮࣮࡛࢝࠶ࡿ࡜ゝ
ࢃࢀ࡚࠸ࡿࠋProminin-1ࡢู⛠࡛ࡶ▱ࡽࢀࡿࠊ5ᅇ⭷㈏㏻ 1ᮏ㙐⢾ࢱࣥࣃࢡ
㉁࡛࠶ࡾࠊ㐀⾑ᖿ⣽⬊࣐࣮࣮࢝࠾ࡼࡧ⤌⧊ᖿ⣽⬊࣐࣮࣮࡛࢝ࡶ࠶ࡿࠋࡲࡓࠊ
ᬑ㐢ⓗ࡞ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ࡶ᭷ຊ࡛࠶ࡾࠊ๓❧⭢ࠊ⤖⭠ࠊ༸ᕢࠊ⚄
⤒ࠊ⮅⮚࡞࡝ᵝࠎ࡞⤌⧊ࡢࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ࡶೃ⿵࡟ᣲࡆࡽࢀ࡚࠸
ࡿࠋ⫢ࡀࢇᖿ⣽⬊ࡢ࣐࣮࣮࢝࡜ࡋ࡚ࡣ 2006ᖺ࡟ྠᐃࡉࢀ࡚࠾ࡾࠊCD133(+)
ࢆ♧ࡍ⫢⮚ࡀࢇ㞟ᅋࡣࡼࡾ㧗࠸⭘⒆ཎᛶ⬟ࢆ᭷ࡍࡿ⤖ᯝࢆሗ࿌ࡋ࡚࠸ࡿࠋࡲ
ࡓࠊCD133ࡣ⸆๣᤼ฟᶵᵓࡸᢠ࢔࣏ࢺ࣮ࢩࢫ࡟ࡼࡿ⸆๣⪏ᛶ⬟ࡢ⋓ᚓ࡟ࡶ㛵
୚ࡍࡿሗ࿌ࡶ࠶ࡾࠊᮏ◊✲࡛ࡶ CD133 ࢆ⫢ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚౑⏝
ࡋࡓࠋ 
 
ղ ALDH (Aldehyde dehydrogenase) 
 ALDHࡣࠊ⣽⬊ෆࡢ࢔ࣝࢹࣄࢻࡢ㓟໬࡟㛵୚ࡍࡿゎẘ㓝⣲࡛࠶ࡾࠊ⫢⮚⤌
⧊࡟ࡣ≉࡟ከࡃᏑᅾࡋ࡚࠸ࡿࠋALDHࡢ㧗࠸Ⓨ⌧ࡣ⚄⤒ᖿ⣽⬊ࡸ㐀⾑ᖿ⣽⬊
ࡸᮍศ໬࡞⣽⬊࡟࠾࠸࡚ㄆࡵࡽࢀࠊṇᖖ⤌⧊࡛ࡣศ໬ࡀ㐍ࡴ࡜Ⓨ⌧ࡀ↓ࡃ࡞
ࡿ୍ࠋ ᪉࡛ࠊࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ぢࡓሙྜࠊ⤖⭠ࠊஙᡣࠊ༸ᕢࠊ⭤⬔ࠊ
๓❧⭢࡟࠾࠸࡚ㄆࡵࡽࢀࠊ⫢ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ࡣ CD133 ࡢⓎ⌧࡜
ṇࡢ┦㛵ᛶࡀ࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿࠋ 
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ճ CD90 
 Thy-1࡜ࡶ࿧ࡤࢀࡿ CD90ࡣࠊ⣽⬊㛫┦஫స⏝ࠊ࢔࣏ࢺ࣮ࢩࢫࠊ᥋╔ࠊ㐟㉮ࠊ
⤌⧊ࡢ⥺⥔໬ࡢㄪ⠇ᅉᏊ࡜ࡋ࡚ᶵ⬟ࡍࡿࠋṇᖖ⤌⧊୰࡛ࡣࠊ⬚⭢⣽⬊ࠊT⣽⬊ࠊ
⚄⤒ࠊෆ⓶⣽⬊ࠊ⥺⥔ⱆ⣽⬊࡞࡝ከࡃࡢ⣽⬊࡟Ⓨ⌧ࡋ࡚࠾ࡾࠊࡉࡽ࡟㛫ⴥ⣔ᖿ
⣽⬊࡛㧗࠸Ⓨ⌧ࡀㄆࡵࡽࢀࡿࠋ୍᪉ࠊୖ⓶⣔ࡢࡀࢇ࡛࠶ࢀࡤୖ⓶㛫ⴥ⛣⾜(ୖ
⓶⣔ࡢ⣽⬊ࡀ᥋╔ᶵ⬟ࢆኻ࠸ࠊ㛫ⴥ⣔ᵝࡢ⣽⬊࡬ኚ໬ࡍࡿࣉࣟࢭࢫ)࡟㛵୚ࡋ
࡚࠾ࡾࠊ㌿⛣ᛶࡢ㧗࠸ࡀࢇ࡛ࡢⓎ⌧ࡀከ࠸ࠋࡲࡓࠊ⫢⮚ࡀࢇ⣽⬊୰ࡢ CD90(+)
ࢆ♧ࡍ⣽⬊ࡣ㐲㝸㌿⛣ᛶࡀᙉࡃࠊ⭘⒆ཎᛶࡶ㧗࠸ࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ 
 
մ CD44 
 CD44ࡣࠊ⣽⬊-⣽⬊㛫ᇶ㉁ࡢ᥋╔ࠊ⣽⬊㐟㉮ࠊ⣽⬊ቑṪࠊ⾑⟶᪂⏕࡟㛵୚ࡋ
࡚࠾ࡾࠊࣄ࢔ࣝࣟࣥ㓟ࡢཷᐜయ࡛ࡶ࠶ࡿࠋṇᖖ⤌⧊࡛ࡣ㐀⾑ᖿ⣽⬊ࡸ㛫ⴥ⣔ᖿ
⣽⬊࡟Ⓨ⌧ࡀㄆࡵࡽࢀࠊࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚ࡣஙࡀࢇࠊ⫶ࡀࢇࠊ⤖⭠ࡀ
ࢇࠊ๓❧⭢ࡀࢇࠊ⮅⮚ࡀࢇ࡞࡝࡛ྠᐃࡉࢀ࡚࠸ࡿࠋࡲࡓࠊ⫢ࡀࢇᖿ⣽⬊࣐࣮࢝
࣮࡜ࡋ࡚ࡣࠊCD44(+)ࡢ⣽⬊ࡀච␿୙඲࣐࢘ࢫ࡟࠾࠸࡚඲㌟㌿⛣ᛶࢆ♧ࡍ௚ࠊ
CD133࡜ࡢ 2㔜ᰁⰍ࡟ࡼࡾ CD133(+)/CD44(+)ࡢ⫢⮚ࡀࢇ㞟ᅋࡣࠊᖿ⣽⬊㛵㐃
㑇ఏᏊࡢⓎ⌧ࡀ㧗ࡃ࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊᢠ㓟໬ࢫࢺࣞࢫࡢᶵᵓ
ࡢ⋓ᚓ࡟ࡶ㛵୚ࡋ࡚࠾ࡾࠊCD44(+)⣽⬊ࡣ㓟໬ࢫࢺࣞࢫ࡟⏤᮶ࡍࡿ࢔࣏ࢺ࣮ࢩ
ࢫ࡟᢬ᢠࢆ♧ࡍࠋ 
 
յ CD13 
 CD13ࡣࠊṇᖖ⤌⧊࡛ࡣ⭠ࠊ⭈⮚ࠊ⫢⮚ࠊ⚄⤒⣔࡞࡝ࡢ⤌⧊࡟Ⓨ⌧ࡋ࡚࠾
ࡾࠊᰤ㣴⣲ࡢຍỈศゎࠊ࢚ࣥࢣࣇ࢓ࣜࣥࡸ࢚ࣥࢻࣝࣇ࢕ࣥ࡞࡝ࡢ⏕⌮άᛶศ
Ꮚࡢศゎ࡟㛵୚ࡋ࡚࠸ࡿࠋࡲࡓࠊ㐀⾑ᖿ⣽⬊࡟ࡶⓎ⌧ࡀ࠶ࡿࡀࠊከࡃࡢࡀࢇ
⤌⧊࡛ࡢⓎ⌧ࡀㄆࡵࡽࢀࠊ≉࡟⾑⟶᪂⏕࡟࠾࠸࡚㔜せ࡞࣐࣮࣮࢝࡜ࡋ࡚▱ࡽ
ࢀ࡚࠸ࡿ(㏻ᖖࡢ⾑⟶ࡣ CD13㝜ᛶ) ࠋ⫢⮚ࡀࢇ࡟࠾࠸࡚ࡣࠊCD13(+)⣽⬊ࡣ
ABC ࢺࣛࣥࢫ࣏࣮ࢱ࣮ࢆ㧗Ⓨ⌧ࡍࡿከ๣⪏ᛶ⣽⬊ศ⏬࡜ࡋ࡚ሗ࿌ࡀ࠶ࡿࠋ
ࡉࡽ࡟ CD13(+)ࡢ⫢⮚ࡀࢇ⣽⬊ࡣቑṪࡀ⦆ࡸ࠿࡛ࠊఇ╀≧ែ࡟࠶ࡿࡓࡵᢠࡀ
ࢇ๣࡟ᑐࡋ࡚᢬ᢠࢆ♧ࡍ࡜⪃࠼ࡽࢀࠊ⫢ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚౑ࢃࢀ࡚
࠸ࡿࠋ 
 
ն EpCAM (CD326) 
EpCAMࡣୖ⓶⣽⬊᥋╔ศᏊ(Epithelial cell adhesion molecule)࡛࠶ࡾࠊCD326
࡜ࡋ࡚ࡶ▱ࡽࢀ࡚࠸ࡿࠋEpCAMࡣୖ⓶⣔ࡢ⣽⬊࡟Ⓨ⌧ࡀぢࡽࢀࡿࡀࠊ๓㥑
⣽⬊࠾ࡼࡧᖿ⣽⬊࡛≉࡟Ⓨ⌧ࡀ㧗࠸࡜ࡉࢀ࡚࠸ࡿࠋ⫢⮚࡛ࡣࠊ⫾ඣᮇࡢ⫢⮚
ࡢⓎ㐩ẁ㝵࡛Ⓨ⌧ࡀ㧗ࡲࡾ Wnt ࢩࢢࢼࣝࡸ β ࢝ࢸࢽࣥࢩࢢࢼࣝࡢάᛶ໬ࡀ
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㉳ࡇࡿࠋ୍᪉࡛ࠊ⫢ࡀࢇᖿ⣽⬊࡛ࡶⓎ⌧ࡀ㧗ࡲࡾࠊࡑࡢሙྜࡣศ໬࡟ࡼࡿ⣽
⬊ࡢ㝵ᒙᛶࡢ」㞧໬ࡸ⭘⒆ᙧᡂ⬟ࡢቑ኱ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ
CD133(+)/EpCAM(+)⣽⬊ࡣ in vitro࠾ࡼࡧ in vivo࡛㧗࠸⭘⒆ᙧᡂ⬟ࢆ᭷ࡋ࡚ࠊ
ࡉࡽ࡟ᢠࡀࢇ๣࡬ࡢ᢬ᢠࢆ♧ࡍࡇ࡜ࡶ᫂ࡽ࠿࡜࡞ࡗ࡚࠾ࡾࠊᮏ◊✲࡛ࡶ
CD133ࢆ⫢ࡀࢇᖿ⣽⬊࣐࣮࣮࢝࡜ࡋ࡚౑⏝ࡋࡓࠋ 
 
ᮏ❶࡛ࡣࠊࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒㸦HL㸧50,51)ࡢ⫢ࡀࢇᖿ⣽⬊࡬ཬࡰࡍᙳ㡪
࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋẚ㍑ᑐ㇟࡜ࡋ࡚⫢⮚ࡀࢇ࡟ᑐࡍࡿᢠࡀࢇ๣࡛࠶ࡿࢻ࢟
ࢯࣝࣅࢩࣥ(DOX)ࢆ⏝࠸ࡓࠋHL ࡣࠊୖᒸ࣭ᯇᮏࡽ࡟ࡼࡗ࡚㛤Ⓨࡉࢀࡓࢼࣀ⢏
Ꮚ་⏝⣲ᮦ࡛࠶ࡾࠊ࣋ࢩࢡࣝศᏊ࡜࣑ࢭࣝศᏊࢆ 5 %ࢢࣝࢥ࣮ࢫ⁐ᾮ୰࡛㉸㡢
Ἴ↷ᑕࡍࡿࡇ࡜࡛ᐜ᫆࡟ᚓࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡲࡓ HLࡣࠊin vitro࡛ṇᖖ⣽⬊࡜
ࡀࢇ⣽⬊ࢆ㆑ูࡋࠊࡀࢇ⣽⬊ࡢࡳ࡟≉␗ⓗ࡟⼥ྜ࣭⵳✚ࡋࠊin vitro ࠾ࡼࡧ in 
vivo࡛࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗ࡚࠸ࡿ 60-63,65-69)ࠋࡉࡽ
࡟ࠊ⮫ᗋ࡛ࡶࡑࡢ᭷ຠᛶ࡜Ᏻ඲ᛶࡀ☜ㄆࡉࢀ࡚࠸ࡿ 64)ࠋࡑࡢࡓࡵࠊ๪స⏝ࡢ࡞
࠸ᢠࡀࢇ๣࡜ࡋ࡚ࡢ◊✲ࡀ㐍ࡵࡽࢀ࡚࠸ࡿࠋ 
DOX ࡣ௦⾲ⓗ࡞ᢠࡀࢇ๣࡛࠶ࡾࠊ⫢⮚ࡀࢇࡔࡅ࡛ࡣ࡞ࡃࠊᝏᛶࣜࣥࣃ⭘ࡸ
⫵⒴ࠊ⫶ࡀࢇࠊஙࡀࢇ࡞࡝ᖜᗈࡃ㐺ᛂࡉࢀࡿࠋࡑࡢస⏝ᶵᗎࡣࠊࡀࢇ⣽⬊ࡢ DNA
ࡸ RNAࡢ㛫࡟ධࡾ㎸ࡳࠊDNAࡸ RNAྜᡂࢆ㜼ᐖࡍࡿࡇ࡜࡛ไࡀࢇຠᯝࢆ♧
ࡍ୍᪉࡛ࠊࡀࢇ⣽⬊࡬ࡢ≉␗ᛶࡀ࡞࠸ࡓࡵࠊṇᖖ࡞⣽⬊࡟ࡶస⏝ࡋ㔜⠜࡞๪స
⏝ࢆ♧ࡍࡇ࡜ࡶ࠶ࡿ࡜ࡉࢀ࡚࠸ࡿࠋࡑࡇ࡛ࠊ⫢ࡀࢇ⣽⬊(HepG2⣽⬊)࡟ᑐࡋ࡚
DOX ࡜ HL ࢆฎ⌮ࡋࠊṧᏑ⣽⬊ᩘࡀ༙ศ࡟࡞ࡿ௜㏆ࡢ⃰ᗘ࡛ࠊṧᏑࡋࡓ⣽⬊
ࡢ⫢ࡀࢇᖿ⣽⬊⋡(CD133+/ EpCAM+)࡜㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ࡟ࡼࡿ⭘⒆ཎᛶ
ホ౯ࢆ⾜ࡗࡓࠋࡉࡽ࡟ࠊHL ࡢ⫢ࡀࢇᖿ⣽⬊࡬ࡢຠᯝࢆࡼࡾ᳨ドࡍࡿࡓࡵ࡟ࠊ
⺯ග⬡㉁ྵ᭷ HL(HL/NBDPC)ࢆ⏝࠸ࠊ⫢ࡀࢇᖿ⣽⬊࡬ࡢ㑅ᢥⓗ⵳✚࡟ࡘ࠸࡚
FCMゎᯒࢆ⾜ࡗࡓࠋ 
 
Fig.3-1 ࡀࢇᖿ⣽⬊ࡢ≉ᛶ࡟ࡼࡿᢠࡀࢇ๣࡬ࡢ⪏ᛶ࡜෌Ⓨࡢὶࢀ  
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3-2 ᐇ㦂᪉ἲ 
 
3-2-1 ౑⏝⣽⬊࠾ࡼࡧ⣽⬊ቑṪ⏝ᇵᆅࡢㄪ〇࡜⁛⳦ 
 
1) ౑⏝⣽⬊ 
 ࣄࢺ⫢⮚ࡀࢇ⏤᮶ࡢ HepG2 ⣽⬊ࢆ⌮◊ࣂ࢖࢜ࣜࢯ࣮ࢫࢭࣥࢱ࣮ࡼࡾ㉎ධࡋ
ࡓࡶࡢࢆ౑⏝ࡋࡓࠋ 
 
2) ⣽⬊ቑṪ⏝ᇵᆅ 
 HepG2 ⣽⬊ࡢᇵ㣴ࡣࠊ࿴ග⣧⸆ᰴᘧ఍♫ࡼࡾ㉎ධࡋࡓ DMEM(Dulbecco's 
Modified Eagle Medium)࡟࣌ࢽࢩࣜࣥ̿ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥ⁐ᾮ(100)ࢆ↓⳦
᧯సୗ࡟࡚ῧຍࡋࠊ30ศ㛫᧠ᢾࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋᐇ㝿ࡢᇵ㣴࡛ࡣࠊMEM
ࢆ 90 %ᐜ㔞࡟ᑐࡋ࡚࢘ࢩ⫾ඣ⾑Ύ(Fetal Bovine Serum: FBS, Hyclone)ࢆ 10 %ᐜ
㔞ຍ࠼࡚ᇵ㣴ࡋࡓ(DMEM:FBS=9:1)ࠋ 
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3-2-2 ౑⏝ヨ⸆࠾ࡼࡧჾලࡢ⁛⳦ 
 
1)౑⏝ヨ⸆ 
  
ձ⣽⬊ᇵ㣴ᇵᆅ 
 DMEM(Dulbecco's Modified Eagle Medium) ࿴ග⣧⸆ᰴᘧ఍♫ 
 ࣌ࢽࢩࣜࣥ̿ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥ⁐ᾮ(100) ࿴ග⣧⸆ᰴᘧ఍♫ 
 Fetal Bovine Serum (FBS) Hyclone 
 
ղࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒ (HL)࠾ࡼࡧ⺯ග⬡㉁ྵ᭷ HL 
 ࣜࣥ⬡㉁ 
L-α-dimyristoylphosphatidylcholine (DMPC)  ᪥ᮏἜ⬡ 
௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡋࡓࠋ 
⏺㠃άᛶ๣ 
Polyoxyethylenelauryl ether  (C12(EO)23) SIGMA 
௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡋࡓࠋ 
 
 
 
⺯ග⬡㉁ 
1-palmitoyl-2-{12-[(7-nitro-2-1, 3-benzoxadiazol-4-yl) amino] dodecanoyl}-sn- 
glycero-3-phosphocholine (NBDPC) Avanti Polar Lipids 
 
5%ࢢࣝࢥ࣮ࢫ⁐ᾮ ኱ሯ〇⸆ 
 
ճCaspase-3άᛶ ᐃ 
 CellEvent™ Caspase-3/7 Green Detection Reagent Invitrogen 
  
CH3(CH2)11㸫O㸫(CH2CH2O)23㸫H 
DMPC 
M.W. =677.9 
C12(EO)23 
M.W. =1199.5 
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մච␿ᰁⰍ (⫢ࡀࢇᖿ⣽⬊ࡢྠᐃ) 
Bovine Serum Albumin (BSA) SIGMA 
ࣁࣥࢡࢫᖹ⾮ሷ⁐ᾮ(Ca, Mg, ࣇ࢙ࣀ࣮ࣝࣞࢵࢻ୙ྵ, HBSS) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
FcR Blocking Regent, human Milteny Biotec 
Anti-human EpCAM-FITC antibody Milteny Biotec 
Anti-human CD133-PE antibody Milteny Biotec 
Anti-human CD133-PE-Vio770 antibody Milteny Biotec 
Anti-human mouse IgG1-FITC antibody Milteny Biotec 
Anti-human mouse IgG2b-PE antibody Milteny Biotec 
Anti-human mouse IgG2b-PE-Vio770 antibody Milteny Biotec 
 
յ㌾ᐮኳᇵᆅ 
DifcoTM Agar Noble ࿴ග⣧⸆ᰴᘧ఍♫ 
㌾ᐮኳᇵ㣴⏝ 2.5ಸ⃰⦰ᇵᆅ                     GIBCO 
FBS Hyclone 
 
յࢥࣟࢽ࣮ᰁⰍ 
Calcein-AM solution DOJINDO 
 
௚ࠊ2-2-2ཧ↷ 
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2) ౑⏝ჾල㢮 
ࢼࢫࣇࣛࢫࢥ ᒾᇛ◪Ꮚ 
࢟ࣗ࣋ࢵࢺ ࢔ࢬ࣡ࣥ 
ࢸࢫࢺࢳ࣮ࣗࣈ Beckman Coulter 
࢖ࣥࢼ࣮࢟ࣕࢵࣉ Beckman Coulter 
ప྾╔ࢧࣥࣉࣜࣥࢢࢳ࣮ࣗࣈ SSI Bio 
 
௚ࠊ2-2-2ཧ↷ 
 
 
3) ౑⏝ᶵჾ㢮 
㉸㡢Ἴ↷ᑕᶵ(WT-200M) ᮏከ㟁Ꮚᰴᘧ఍♫ 
㟁ẼὋືගᩓ஘ගᗘィ(ELS-8000) ኱ሯ㟁Ꮚ 
CytoFLEX Beckman Coulter 
 
௚ࠊ2-2-2ཧ↷ 
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3-2-3 HL࠾ࡼࡧ HL/NBDPCࡢㄪ〇 
 
1) HLࡢㄪ〇᪉ἲ 
HLࡣ࣋ࢩࢡࣝศᏊ࡟ 90 mol%ࡢ L-α-dimyristoylphosphatidylcholine (DMPC)ࠊ
࣑ࢭࣝศᏊ࡟ 10 mol%ࡢ C12(EO)23ࢆ⛗㔞ࡋࠊ5%ࢢࣝࢥ࣮ࢫ⁐ᾮ࡟⁐ゎࡉࡏࠊ
㉸㡢Ἴ↷ᑕ(45℃ࠊ300Wࠊ1 min/mL)ࢆ⾜ࡗࡓ(Fig.3-2)ࠋ㉸㡢Ἴฎ⌮ᚋࠊ0.20 μm
ℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮DISMIC-13cp020AS Cellulose Acetate)࡟ࡼࡾℐ㐣⁛⳦ࡋㄪ〇ࢆ
⾜ࡗࡓࠋㄪ〇ᚋࡣᬯᡤᐊ (25℃)࡛ಖ⟶ࡋࠊㄪ〇ᚋ 1ࣨ᭶௨ෆࡢࡶࡢࢆ౑⏝ࡋ
ࡓࠋ 
 
 
 
  
+
Sonication
300W, 45℃Vesicle
90 mol %
DMPC
Micelle
10 mol %
C12(EO)23 Hybrid liposomes
[HL]
Fig.3-2 ࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒(HL)ࡢㄪ〇 
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2)⺯ග⬡㉁ྵ᭷ HL (HL/NBDPC)ࡢㄪ〇ἲ 
 ࣋ࢩࢡࣝศᏊࡣ L-α-dimyristoylphosphatidylcholine (DMPC)ࠊ࣑ࢭࣝศᏊࡣ
C12(EO)23ࠊ⺯ග⬡㉁࡜ࡋ࡚ࡣ 1-palmitoyl-2-{12-[(7-nitro-2-1,3-benzoxadiazol-4-
yl)amino]dodecanoyl}-sn-glycero-3-phosphocholine (NBDPC)ࢆࡑࢀࡒࢀ 89 mol%: 
10 mol%: 1 mol%࡟࡞ࡿࡼ࠺࡟⛗㔞ࡋࠊ5 %ࢢࣝࢥ࣮ࢫ⁐ᾮ୰࡛㉸㡢Ἴ↷ᑕࡋࠊ
0.20 μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮DISMIC-13cp020AS Cellulose Acetate)࡟ࡼࡾℐ㐣⁛⳦ࡋ
ㄪ〇ࢆ⾜ࡗࡓࠋㄪ〇ᚋࡣ㐽ගࡋ࡚෭ⶶ(4℃)࡛ಖᏑࡋࠊ1 㐌㛫௨ෆ࡟౑⏝ࡋࡓࠋ
(Fig. 3-3) 
 
 
Fig. 3-3 ⺯ග⬡㉁ྵ᭷ HL (HL/NBDPC)ࡢㄪ〇 
 
+
Sonication
300W, 45℃Vesicle
[DMPC]
Micelle
[C12(EO)23]
HL/NBDPC
+
Fluorescence vesicle
[NBDPC]
10 mol %1 mol %89 mol %
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3-2-4 ⣽⬊ࡢ⼥ゎ࡜෾⤖᪉ἲ 
 
2-2-4ཧ↷ 
 
 
3-2-5 ⣽⬊ࡢᇵ㣴࡜⥅௦࠾ࡼࡧィᩘ᪉ἲ 
 
2-2-5ཧ↷ 
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3-2-6 DOXฎ⌮࠾ࡼࡧ HLฎ⌮ࡢࣉࣟࢺࢥࣝ 
 
1) ⫢ࡀࢇ⣽⬊(HepG2⣽⬊)ࡢᇵ㣴 
HepG2⣽⬊ࡣࠊ100 mm dish࡬ 2.0×104 cells/mLࡢ᧛✀ᐦᗘ࡛ᇵᆅ㔞 10 mL
࡛᧛✀ࡋࡓࠋ᧛✀ᚋࠊ37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࠊ
ࡑࡢᚋ࡟ᇵᆅ஺᥮࡜ DOXࡲࡓࡣ HLࡢฎ⌮ࢆ㛤ጞࡋࡓࠋDOXࡲࡓࡣ HLࡢฎ
⌮ࡣࡉࡽ࡟ 48᫬㛫ᐇ᪋ࡋࠊฎ⌮ᚋ࡟ṧᏑ⣽⬊ᩘࡢィᩘ࣭ࣇ࣮ࣟࢧ࢖ࢺ࣓ࢺࣜ
࣮(FCM)ゎᯒ࣭㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ࡟ࡼࡿ᳨ウࢆ⾜ࡗࡓ(Fig. 3-4)ࠋ⣽⬊ࡢィ
ᩘࡣࠊࢺࣜࣃࣥࣈ࣮ࣝⰍ⣲᤼㝖ἲ࡛⾜࠸ࠊ⣽⬊ࡢィᩘ࠾ࡼࡧィ⟬࡟ࡼࡾ dish࠶
ࡓࡾࡢ⣽⬊ᩘࢆ⟬ฟࡋࡓࠋ 
 
 
 
Fig. 3-4 HepG2⣽⬊࡟࠾ࡅࡿ DOX࠾ࡼࡧ HLฎ⌮ࡢࣉࣟࢺࢥࣝ 
  
ᇵ㣴
0 4d2d1d 3d 䡚
ฎ⌮㛤ጞ⣽⬊᧛✀
Control
ᇵ㣴
HLῧຍ
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ᇵ㣴 DOX※1ฎ⌮
HLῧຍ
DOX ฎ⌮
14d
㌾ᐮኳ᧛✀
䜹䝹䝉䜲䞁ᰁⰍ
䝁䝻䝙䞊ィᩘ
㌾ᐮኳᇵ㣴
ᇵᆅ஺᥮
ᇵᆅ஺᥮䞉 ῧຍ
ᇵᆅ஺᥮䞉ῧຍ
HL※2ฎ⌮
䞉ṧᏑ⣽⬊ᩘィᩘ
䞉FCMゎᯒ
※2: HLฎ⌮⃰ᗘ
50, 100, 150, 200 μM
※1: DOXฎ⌮⃰ᗘ
0.001, 0.01, 0.05, 0.1 μM
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2) ṇᖖ⫢⣽⬊(Hc⣽⬊)ࡢᇵ㣴 
 
Hc⣽⬊ࡣࠊ24 well plate࡬ 5.0×103 cells/wellࡢ᧛✀ᐦᗘ࡛ᇵᆅ㔞 500 μL࡛
᧛✀ࡋࡓࠋ᧛✀ᚋࠊ37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࠊࡑ
ࡢᚋ࡟ᇵᆅ஺᥮࡜ DOXࡲࡓࡣ HLࡢฎ⌮ࢆ㛤ጞࡋࡓࠋDOXࡲࡓࡣ HLࡢฎ⌮
ࡣࡉࡽ࡟ 48᫬㛫ᐇ᪋ࡋࠊฎ⌮ᚋ࡟ṧᏑ⣽⬊ᩘࡢィᩘࢆ⾜ࡗࡓ(Fig. 3-5)ࠋ⣽⬊
ࡢィᩘࡣࠊࢺࣜࣃࣥࣈ࣮ࣝⰍ⣲᤼㝖ἲ࡛⾜࠸ࠊ⣽⬊ࡢィᩘ࠾ࡼࡧィ⟬࡟ࡼࡾ
well࠶ࡓࡾࡢ⣽⬊ᩘࢆ⟬ฟࡋࡓࠋ 
 
 
 
Fig.3-5 Hc⣽⬊࡟࠾ࡅࡿ DOX࠾ࡼࡧ HLฎ⌮ࡢࣉࣟࢺࢥࣝ 
  
ᇵ㣴
0 4d2d1d 3d
ฎ⌮㛤ጞ⣽⬊᧛✀
Control
ᇵ㣴HLฎ⌮
ᇵ㣴 DOX※1ฎ⌮DOX ฎ⌮
ṧᏑ⣽⬊ᩘィᩘ
ᇵᆅ஺᥮
ᇵᆅ஺᥮䞉 ῧຍ
ᇵᆅ஺᥮䞉ῧຍ
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※2: HLฎ⌮⃰ᗘ
50, 100, 150, 200 μM
※1: DOXฎ⌮⃰ᗘ
0.001, 0.01, 0.05, 0.1 μM
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3-2-7 ⫢ࡀࢇᖿ⣽⬊(CD133+/EpCAM+)ࡢࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ̿ゎᯒ 
 
1) ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࡢཎ⌮ 99-101) 
 
ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮(Flow Cytometer)ࡣࠊFCMゎᯒࢆ⾜࠺㝿࡟౑⏝ࡍࡿ⣽⬊
ゎᯒ⿦⨨࡛࠶ࡿࠋFCMゎᯒ࡛ࡣࠊ⣽⬊ 1ಶ 1ಶࡀᾋ࠸࡚࠸ࡿ≧ែ࡛ 1ಶ 1ಶ
࡟࣮ࣞࢨ࣮ගࢆ↷ᑕࡋ࡚ᚓࡽࢀࡿ⺯ගᙉᗘࢆ᳨ฟࡋศᯒࡍࡿᡭἲ࡛࠶ࡿࠋ⣽⬊
1 ಶẖ࡟࣮ࣞࢨ࣮ගࢆᙜ࡚࡚ྠ୍┤⥺ୖ࡛๓᪉ᩓ஘ග(Forward Scatter: FSC)ࢆ
᳨ฟࡍࡿࡇ࡜࡛⣽⬊ࡢ኱ࡁࡉ࡟㛵ࡍࡿ᝟ሗࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡇࢀ࡟ᑐࡋࣞ
࣮ࢨ࣮ගࢆ㞟ගࣞࣥࢬ࡟ࡼࡾࠊග㍈࡟ᑐࡋ࡚ᆶ┤᪉ྥ࡟ᩓ஘ࡍࡿගࢆഃ᪉ᩓ஘
ග(Side Scatter: SSC)࡜࿧ࡧ⣽⬊㉁ෆࡢ㢛⢏(᰾ࡸ࣑ࢺࢥࣥࢻࣜ࢔࡞࡝)ࡢከࡉࠊ
ࡘࡲࡾ⣽⬊ෆࡢᵓ㐀࡟㛵ࡍࡿ᝟ሗࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡲࡓࠊSSCࡢ᳨ฟࢆ⾜
࠺᪉ྥ࡟⺯ගᙉᗘࢆ᳨ฟࡍࡿࡓࡵྛ⺯ගἼ㛗㡿ᇦ࡟ྜࡗࡓග㟁Ꮚಸቑ⟶
(Photomultiplier Tube: PMT)ࡀタ⨨ࡉࢀ࡚࠸ࡿࠋࡑࢀࡒࢀࡢ⺯ගἼ㛗㡿ᇦࡢගࢆ
᳨ฟࡍࡿࡓࡵࠊྛ⺯ගἼ㛗㡿ᇦ࡟ྜ࠺஧᪉ྥᛶ཯ᑕ㙾(Dichroic Mirrors: DM)࡟
ࡼࡾ࣮ࣞࢨ࣮ගࢆ཯ᑕࡉࡏࠊ୍ᐃࡢἼ㛗ࡢࡳࢆ㑅ᢥࡍࡿࡓࡵ࡟ࣇ࢕ࣝࢱ࣮
(Band Pass Filter: BP)ࢆ㏻㐣ࡍࡿ࡜ PMT᳨࡛ฟࡉࢀࠊ⺯ගᙉᗘࡢ᝟ሗࡀᚓࡽࢀ
ࡿ(Fig.3-6)ࠋ 
 
  
࣮ࣞࢨ࣮↷ᑕᶵ
⣽⬊
࣮ࣞࢨ࣮ග
FSC᳨ฟჾ
㞟ගࣞࣥࢬ
SSC᳨ฟჾ
FL1 PMT FL3 PMT
FL4 PMT
FL2 PMT
BP
BP BP BP
DM DMDMDM
๓᪉ᩓ஘ග(FSC): ⣽⬊ࡢ኱ࡁࡉ
ഃ᪉ᩓ஘ග(SSC): ෆ㒊ᵓ㐀
Fig. 3-6 FSC࡜ SSCࡢཎ⌮࠾ࡼࡧࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࡢᶍᘧᅗ 
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2) ⫢ࡀࢇᖿ⣽⬊(CD133+/EpCAM+)ྠᐃࡢࡓࡵࡢච␿ᰁⰍ࡜ FCMゎᯒ 
 
 DOX࠾ࡼࡧ HLฎ⌮ࡋࡓ⣽⬊ࢆᅇ཰ࡋࠊ1.0 106 cells࡟⣽⬊ᩘࢆㄪᩚࡋ࡚
0.5 % BSA/HBSS࡟෌ᠱ⃮(1 mL)ࡋࡓࠋ㧗㏿෭༷㐲ᚰᶵࢆ⏝࠸࡚ 3000 rpm, 4 min, 
4℃࡛㐲ᚰࡋ࡚ୖΎࡢ㝖ཤᚋࠊ0.5 % BSA/HBSSࢆ 90 μL࡛ᠱ⃮ࡋࠊFcR Blocking
⁐ᾮࢆ 10 μLῧຍࡋ࡚ịୖ(4℃)࡛ 10 min཯ᛂࡉࡏࡓࠋBlockingࡢᚋ࡟ࠊ⺯ග
≀㉁ࢥࣥࢪࣗࢤ࣮ࢺࣔࣀࢡ࣮ࣟࢼࣝᢠయ(ᢠཎ: EpCAM࠾ࡼࡧ CD133)ࢆ 10μL
ῧຍࡋ࡚ịୖ(4℃)࡛ 10 min ཯ᛂࡉࡏࡓࠋᢠయ཯ᛂᚋࠊ0.5 % BSA/HBSS ࢆ 1 
mLຍ࠼࡚ࠊྠᵝ࡟㐲ᚰࠊୖΎࡢ㝖ཤࢆ⾜ࡗࡓࠋ෌ᗘ 0.5 % BSA/HBSS࡛ 1 mL
࡟࡞ࡿࡼ࠺࡟ᠱ⃮ࡋࠊࢼ࢖࣓ࣟࣥࢵࢩࣗ(40 μmᏍ)ࢆ㏻ࡋ࡚ࢸࢫࢺࢳ࣮ࣗࣈ࡟
⛣ࡋࡓᚋ࡟ CytoFLEX(488 nm࣮ࣞࢨ࣮)࡟ࡼࡾ FCMゎᯒࢆ⾜ࡗࡓࠋ 
 ࡲࡓࠊᢠయᰁⰍࢆ⾜࠺㐣⛬࡛ Isotypeᢠయࢆ⏝࠸ࠊIsotypeᢠయࡀ 0.1 %ᮍ‶
࡜࡞ࡿ㡿ᇦࢆタᐃࡋࡓࠋࡉࡽ࡟ࠊ ᐃࡍࡿ㝿࡟஧㔜ᰁⰍࢆ⾜ࡗࡓࡓࡵࠊ⺯ග⿵
ṇࢆ⾜ࡗࡓࠋ⺯ග⿵ṇ(ࢥࣥ࣌ࣥࢭ࣮ࢩࣙࣥ)ࡣࠊ㏆᥋ࡍࡿ 2ࡘࡢ᳨ฟἼ㛗㡿ᇦ
ࡢࣇ࢕ࣝࢱ࣮(౛࠼ࡤࠊFITC࡜ PE㡿ᇦࡢ Band pass filter)ࢆ⏝࠸࡚⺯ගࢆ᳨ฟ
ࡋࡓ㝿࡟㉳ࡇࡿࠊ┠ⓗእࡢ⺯ග᳨ฟჾ࡬ࡢධග(⺯ගࡢ₃ࢀ)ࢆ⿵ṇࡍࡿࡇ࡜࡛
࠶ࡿࠋ 
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3) HepG2⣽⬊୰࡟࠾ࡅࡿ CD133/EpCAM࡜ HL/NBDPCࡢ୕㔜ᰁⰍཬࡧ FCMゎ
ᯒ 
 
 HepG2⣽⬊ࢆ 100 mm dish࡬᧛✀(2.0 105 cells/ dish)ࡋࠊ37 ℃࣭5 % CO2࢖
࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴ᚋࠊㄪ〇ࡋࡓ HL/NBDPCࡢ᭱⤊⃰
ᗘࢆྛ᮲௳(25㹼200 μM)࡟ྜࢃࡏ࡚ DMEM (10 % FBS ྵ᭷)ᇵᆅ࡟ῧຍࡋࠊ
37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 1᫬㛫཯ᛂࡉࡏࡓࠋࡲࡓࠊHL/ NBDPC
ࢆฎ⌮ࡋ࡞࠸᮲௳࡟㛵ࡋ࡚ࡣྠࠊ 㔞ࡢ 5 %ࢢࣝࢥ࣮ࢫ⁐ᾮࢆῧຍࡋ࡚ྠᵝ࡟཯
ᛂࡉࡏࡓࠋࡑࡢᚋࠊ⣽⬊ࢆᅇ཰ࡋࠊ3-2-9࡜ྠᵝࡢࣉࣟࢺࢥ࡛ࣝ ᐃࡋࡓࠋ 
  ᐃࡢ㝿࡟ࡣࠊHL/NBDPCࡢ᳨ฟ(HLࡢ⵳✚㔞)ࢆ FITCࣇ࢕ࣝࢱ࣮ࠊCD133
ࢆ PEࣇ࢕ࣝࢱ࣮ࠊEpCAMࢆ PC7ࣇ࢕ࣝࢱ᳨࣮࡛ฟࡋ࡚ 3㔜ᰁⰍࢆ⾜ࡗࡓࠋ
ࡲࡓࠊᢠయᰁⰍࢆ⾜࠺㐣⛬࡛ Isotypeᢠయࢆ⏝࠸ࠊIsotype ᢠయࡀ 0.1 %ᮍ‶࡜
࡞ࡿ㡿ᇦࢆタᐃࡋࡓࠋࡉࡽ࡟ࠊ୕㔜ᰁⰍࢆ⾜࠺ࡓࡵࠊFITC, PE, PC7ࡢ⺯ග᳨
ฟἼ㛗㡿ᇦ࡛⺯ග⿵ṇࢆ⾜ࡗࡓࠋ 
 ゎᯒ࡛ࡣࠊⅰ: CD133(+)/ EpCAM(+)ࠊⅱ: CD133(+)/ EpCAM(-)ࠊⅲ:CD133(-)/ 
EpCAM(-)ࠊⅳ: CD133(-)/ EpCAM(+)ࡢ 4ࡘࡢ༊⏬࡟࠾࠸࡚ࠊHL/NBDPCࡢ⵳✚
ࡢ๭ྜ࡟ࡘ࠸࡚ẚ㍑ࡋࠊ࡝ࡢ᮲௳ࡀࡼࡾ HLࡀ⵳✚ࡍࡿ࠿᳨ウࡋࡓ(Fig.3-7)ࠋ 
 
Fig.3-7 HL/NBDPC࡜ CD133࠾ࡼࡧ EpCAMࡢ 3㔜ᰁⰍࡢᕤ⛬ 
Treatment in 37 ℃ 5 % CO2 incubator 
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3-2-8 ࢔࣏ࢺ࣮ࢩࢫㄏᑟ⣽⬊ࡢ᳨ฟ 
 
 Caspase(Cysteine aspartic acid protease)ࡣࠊ୍⯡ⓗ࡟ࣉࣟࢸ࢔࣮ࢮάᛶࢆ᭷ࡋ
࡞࠸๓㥑య(pro-caspase)࡜ࡋ࡚⣽⬊ෆ࡟Ꮡᅾࡋࠊ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟ࡼࡿ่⃭
ࢆཷࡅࡓ㝿࡟άᛶ໬ࡉࢀࡿࠋCaspaseࡢ✀㢮ࡣ࠸ࡃࡘ࠿Ꮡᅾࡋ࡚࠾ࡾࠊCaspase-
2, 3, 6, 7, 8, 9, 10, 12ࡀ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟㛵୚ࡋ࡚࠸ࡿ࡜ࡉࢀ࡚࠸ࡿࠋ௒ᅇ 
ᐃࡋࡓ Caspase-3ࡣࠊCellEvent® Caspase3/7 Green Detection Reagent (invitrogen)
ࢆ⏝࠸࡚ホ౯ࡋࡓࠋCaspase-3ࡣ Caspaseࣇ࢓࣑࣮ࣜࡢ୰࡛ࡶ࢚ࣇ࢙ࢡࢱ࣮(࢔
࣏ࢺ࣮ࢩࢫᐇ⾜ᆺ)࡟ศ㢮ࡉࢀࠊ࢔࣏ࢺ࣮ࢩࢫࢩࢢࢼࣝࡢ᭱⤊ẁ㝵(⣽⬊ෆࢱࣥ
ࣃࢡ㉁ࡢ᩿∦໬ࡢ┤๓)࡟࠶ࡓࡿࠋᰁⰍཎ⌮࡜ࡋ࡚ࡣࠊ⣽⬊㏱㐣ᛶ DEVD࣌ࣉ
ࢳࢻ(㠀⺯ග)ࡀ⣽⬊ෆ࡛ Caspase-3ࡢάᛶ࡟ࡼࡾษ᩿ࡉࢀࠊⰍ⣲ࡀ DNA࡟⤖ྜ
ࡋ࡚⺯ගࢆ⏕ࡌࡿ(Fig.3-8)ࠋ 
HepG2⣽⬊ࢆ 100 mm dish࡬᧛✀(2.0 105 cells/ dish)ࡋࠊ48᫬㛫ᇵ㣴ࡋࡓࠋ
ࡑࡢᚋ࡟ࠊHLฎ⌮ࢆ 24࠾ࡼࡧ 48᫬㛫࡛ 50, 100, 150, 200 μM࡛ฎ⌮ࡋࠊᇵᆅ
ୖΎࡈ࡜⣽⬊ࢆᅇ཰ࡋࡓࠋ3000 rpm, 3 min࡛㐲ᚰᚋࠊୖΎࢆ㝖ཤࡋ࡚⣽⬊ᩘࢆ
1106 cells࡟ㄪᩚࡋ࡚ࠊCellEvent® Caspase3/7 Green Detection Reagentࢆῧຍ
ࡋࡓࠋᰁⰍࡣ㐽ග࣭37℃࣭30 min࡛⾜࠸ࠊὙίࡋࡓᚋ࡟ FITCࢳࣕࢿࣝ(525/40 
Band pass filter )࡟ࡼࡾ FCMゎᯒࢆ⾜ࡗࡓࠋ 
 
 
Fig.3-8 Caspase-3άᛶࡢᰁⰍཎ⌮ 
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3-2-9 ⭘⒆ཎᛶホ౯ἲ(㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ) 102) 
 
1) ཎ⌮ 
㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ(Soft agar colony formation assay)ࡣࠊ⣽⬊ࡢ㊊ሙ㠀౫Ꮡ
ᛶࡢቑṪ⬟࡟╔┠ࡋࠊ㊊ሙࡀᏑᅾࡋ࡞࠸㌾ᐮኳᇵᆅ୰࡛⣽⬊ࡢᇵ㣴ࢆ⾜࠸ࠊ᧛
✀ࡋࡓ⣽⬊࡟㊊ሙ㠀౫ᏑᛶࡢቑṪࡀྍ⬟࡛࠶ࡿ࠿࡝࠺࠿ࠊࡘࡲࡾ⭘⒆ࢆసࡾ᫆
࠸(⭘⒆ཎᛶ)⬟ຊࢆᣢࡘ⣽⬊ࢆ᳨ฟࡍࡿ in vitro ࡟࠾ࡅࡿ⭘⒆ཎᛶヨ㦂࡛࠶ࡿ
(Fig.3-9)ࠋ㏻ᖖࠊṇᖖ⣽⬊࡛ࡣ㊊ሙ࡜࡞ࡿศᏊ(⣽⬊㛫᥋╔ศᏊࡸ⣽⬊እ࣐ࢺࣜ
ࢵࢡࢫ)ࡀᏑᅾࡍࡿࡇ࡜࡛ᵝࠎ࡞ቑṪᅉᏊࡢᜠᜨࢆཷࡅቑṪࡀྍ⬟࡜࡞ࡗ࡚࠸
ࡿࠋࡑࡢࡓࡵࠊ㊊ሙࡢ↓࠸㌾ᐮኳ୰࡛ࡣ⣽⬊ቑṪ࡛ࡁࡎࢥࣟࢽ࣮ࡣᙧᡂ࡛ࡁ࡞
࠸ࠋࡋ࠿ࡋࠊ෌⏕་⒪࡟࠾࠸࡚┠ⓗࡢ⣽⬊࡬ㄏᑟࢆ⾜࠺㝿࡟㑇ఏᏊⓗ࣭࢚ࣆࢪ
࢙ࢿࢸ࢕ࢵࢡⓗኚ␗ࡀධࡾṇᖖ⣽⬊ࡀᙧ㉁㌿᥮ࢆ㉳ࡇࡋ࡚ࡋࡲ࠺ࡇ࡜ࡀ࠶ࡿࠋ
ࡑࡢ⤖ᯝࠊṇᖖ⣽⬊⏤᮶ࡢ⣽⬊࡛ࡶ㊊ሙ㠀౫ᏑᛶࡢቑṪࢆ♧ࡋࠊ㌾ᐮኳ୰࡛⣽
⬊ࡀቑṪࡋࢥࣟࢽ࣮ࢆᙧᡂࡍࡿࠋ௨ୖࡢࡇ࡜ࡼࡾࠊ㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ࡛ࡣ
ᙧᡂࡋࡓࢥࣟࢽ࣮ࡢ᭷↓ࡸᙧᡂ⋡࠿ࡽᙧ㉁㌿᥮(⭘⒆ཎᛶ)ࢆホ౯ࡍࡿࡇ࡜ࡀ
࡛ࡁࡿࠋ 
  
 
Fig.3-9 ㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲࡢཎ⌮ 
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2)ᚲせヨ⸆ࡢㄪ〇 
 
ձ㌾ᐮኳᇵ㣴⏝ 2ಸ⃰⦰ DMEMࡢㄪ〇ἲ 
㉸⣧Ỉ 450 mL࡟ DMEMࢆ 1⿄(12 g)ຍ࠼ࠊPenicillin 58.8mgࠊStreptomycin 
100 mgࠊHEPES 3.57 gࠊNaHCO3 1.2 gຍ࠼ 3᫬㛫ᨩᢾࡋࡓࠋᨩᢾ⤊஢ᚋࠊpH7.2
㹼7.4࡟ㄪᩚࡋࠊ࣓ࢫ࢔ࢵࣉࢆ⾜࠸඲㔞 500 mL࡟ㄪ〇ࡋࡓࠋࡑࡢᚋࠊࡉࡽ࡟
1᫬㛫ᨩᢾࡋࠊࢡ࣮ࣜࣥ࣋ࣥࢳෆ࡛ࠊᏍᚄ 0.22 μmࡢ⁛⳦ࣇ࢕ࣝࢱ࣮࡛ℐ㐣⁛
⳦ࡋࡓᚋࠊᇵᆅ⎼࡟ศὀࡋࡓࠋㄪ〇ᚋࡣ 4℃࡛ಖᏑࡋࡓࠋ 
 
ղ㌾ᐮኳᇵ㣴⏝ 2ಸ⃰⦰ቑṪ⏝ᇵᆅࡢㄪ〇ἲ 
HepG2⣽⬊⏝ࡢ⃰⦰ᇵᆅࡣࠊ౑⏝┤๓࡟ࠊ2ಸ⃰⦰ DMEM࡜ FBS ࡀ 4:1ࡢ
๭ྜ࡟࡞ࡿࡼ࠺࡟ㄪ〇ࡋ⏝࠸ࡓࠋ 
 
ճ1 %(w/v) Agar⁐ᾮ 
10 mL ࡢ 1 %(w/v) Agar ⁐ᾮࢆㄪ〇ࡍࡿሙྜࠊ㉸⣧Ỉ 10 mL ࡟ 100 mg ࡢ
Agar ࢆຍ࠼ࠊ㍍ࡃ᣺ࡾΰࡐ 15 ศ㛫ࠊ120℃࡛࣮࢜ࢺࢡ࣮ࣞࣈฎ⌮ࢆ⾜ࡗࡓࠋ
ࡑࡢᚋࠊ60℃ࡲ࡛෭ࡸࡋࠊࡍࡄ࡟౑⏝ࡋࡓࠋ࣮࢜ࢺࢡ࣮ࣞࣈ࠿ࡽྲྀࡾฟࡋ࡚
௨㝆ࡣࠊ෭ࡵ࡞࠸ࡼ࠺࡟࠾‮(㉸⣧Ỉ)࡛‮↦ࡍࡿࡇ࡜࡛ᐮኳࡀᅛࡲࡽ࡞࠸ࡼ࠺
࡟ ᗘ⟶⌮ࢆ⾜ࡗࡓࠋ 
 
մ0.5 % Agarྵ᭷ᇵᆅࡢㄪ〇 
๓㏙ࡢ㌾ᐮኳᇵ㣴⏝ 2ಸ⃰⦰ቑṪ⏝ᇵᆅ࡜ 1 % Agar⁐ᾮࢆ➼㔞ΰྜࡋࠊㄪ
〇ࢆ⾜ࡗࡓࠋㄪ〇ᚋࡣ 40℃௜㏆࡛ᅛࡲࡽ࡞࠸ࡼ࠺࡟ಖᣢࡋࡓ(‮↦࡟ࡼࡾ ᗘ
ࢆಖᣢ)ࠋ 
 
յ0.33%Agarྵ᭷⣽⬊ᠱ⃮ᾮࡢㄪ〇 
 ⣽⬊ᠱ⃮ᾮ࡜ 0.5 % Agar ᇵᆅࡢẚ⋡ࡀ 1:2 ࡛ΰࡐ࡚ㄪ〇ࡋࡓ(⣽⬊ᠱ⃮
ᾮ:0.5㸣Agarᇵᆅ㸻1:2)ࠋ⣽⬊ࡢᐦᗘࡣࠊ⣽⬊ᠱ⃮ᾮࢆ 1.8×104 cells/300 μL࡟
ㄪᩚࡋࠊ0.5 % Agarྵ᭷ᇵᆅࢆ 600 μLຍ࠼ࠊ᭱⤊ⓗ࡟ 1.8×104 cells/900 μLࡢ
0.33 % Agarྵ᭷⣽⬊ᠱ⃮ᾮ࡜ࡋࡓࠋ 
 
յ5 μM Calcein-AM⁐ᾮ 
Calcein-AM solution(MW:994.86ࠊ1 mg/mL)ࡢ⃰ᗘࢆ 5 μM࡟ㄪᩚࡍࡿࡓࡵࠊ
1 mLㄪ〇ࡍࡿሙྜࠊ9.995 mLࡢ HBSS࡟ Calcein -AMࢆ 5 μLධࢀࡓࠋㄪ〇ᚋ
ࡣ㐽ගࡋ┤ࡄ࡟౑⏝ࡋࡓࠋ 
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3) ㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲࡢࣉࣟࢺࢥࣝ 
 
48 well plate࡟ 0.5 % Agarྵ᭷ᇵᆅࢆ 350 μLῧຍࡋࠊBase Agar࡜ࡋ࡚ᅛ໬
ࡉࡏࡓࠋࡑࡢᚋࠊTop Agar࡜ࡋ࡚ 0.33%Agarྵ᭷⣽⬊ᠱ⃮ᾮࢆ 50 μLࡎࡘ㔜ᒙ
ࡉࡏࠊ1000 cells/ well࡛⣽⬊ࡢ᧛✀ࢆ⾜࠸ࠊ37Υ࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮
ෆ࡛ 9᪥㛫ᇵ㣴ࡋࡓ(Fig.3-10)ࠋ9᪥㛫ࡢᇵ㣴ᚋࠊTop Agar୰ࡢ⏕ᏑࡋࡓቑṪᛶ
ࡢ࠶ࡿࢥࣟࢽ࣮ࢆ 5 μM Calcein-AM⁐ᾮ࡛ᰁⰍࡋ࡚ࠊᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ࢆ
⺯ග㢧ᚤ㙾࡛ほᐹ࠾ࡼࡧ෗┿ࢆ᧜ᙳࡋࡓࠋᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ࡣࠊimageJࢯ
ࣇࢺ࢙࢘࢔ࢆ⏝࠸࡚෗┿࠿ࡽゎᯒࡋࡓ(ヲ⣽ࡣᚋ㏙)ࠋࡲࡓࠊࡑࡢ㝿ࡢࢥࣟࢽ࣮
ࡢᐃ⩏ࡣ 20ಶ௨ୖࡢ⣽⬊ࢆ♧ࡍࠊ┤ᚄ 80 μm௨ୖ࠾ࡼࡧ㠃✚ 5700 μm2௨ୖࡢ
⣽⬊ሢࢆ༢୍⣽⬊࠿ࡽቑṪࡋࡓࢥࣟࢽ࣮࡜ᐃ⩏ࡋࡓࠋ 
 
 
Fig.3-10 48 well plate࡬ࡢ㌾ᐮኳ᧛✀ 
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4) CalceinᰁⰍࡢཎ⌮ 
 
 Calcein-AMࡣCalceinࡢ 4ࡘࡢ࢝ࣝ࣎࢟ࢩࣝᇶࢆ࢔ࢭࢺ࢟ࢩ࣓ࢳ࢚ࣝࢫࢸ
ࣝ໬(AM ໬)ࡍࡿࡇ࡜࡟ࡼࡗ࡚⣽⬊⭷㏱㐣ᛶࢆᣢࡓࡏࡓࡶࡢ࡛࠶ࡿࠋࡇࡢ
Calcein-AM ⮬యࡣ⺯ගࢆ࡯࡜ࢇ࡝♧ࡍࡇ࡜ࡣ↓࠸ࡀࠊ⣽⬊ෆ࡟ධࡾ⣽⬊ෆࡢ
࢚ࢫࢸ࣮ࣛࢮ࡟ࡼࡿຍỈศゎ࡟ࡼࡾ Calcein࡜࡞ࡿ(⏕⣽⬊ࡢࡳ)ࠋCalceinࡣ⣽
⬊⭷୙㏱㐣ᛶ࡛࠶ࡾࠊࡉࡽ࡟ᙉ࠸⥳Ⰽ⺯ග(Ȣex=490nmࠊȢem=515nm)ࢆ♧ࡍ
(Fig.3-11)ࠋ 
  ࡑࢀᨾ࡟ࠊCalsein-AM࡛ᰁⰍࡍࡿࡇ࡜࡛⏕⣽⬊ࡢࡳࢆᰁࡵ࡚ほᐹࡀ࡛ࡁ
ࡿࡓࡵࠊ⺯ග㢧ᚤ㙾ࡢほᐹ࡛⥳Ⰽ⺯ගࢆ♧ࡍࢥࣟࢽ࣮ࡣ⏕ࡁ࡚ᮍࡔቑṪᛶࢆ
᭷ࡋ࡚࠸ࡿࢥࣟࢽ࣮࡛࠶ࡿ࡜ゝ࠼ࡿࠋ 
 
 
Fig.3-11 CalceinᰁⰍࡢཎ⌮ 
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5) imageJ࡟ࡼࡿ⏬ീゎᯒࢆ⏝࠸ࡓࢥࣟࢽ࣮ィᩘ 
 
ձゎᯒࡋࡓ࠸⏬ീࡢ㛤ࡁ᪉ 
1. Fileࢆ㛤ࡃ 
2. Open࠿ࡽ┠ⓗࡢ⏬ീࢆ㑅ᢥࡍࡿ 
ͤ⏬ീࣇ࢓࢖ࣝࡣ஦๓࡟ࣇ࢓࢖ࣝᙧᘧࢆ TIFF ࡛ಖᏑࡋ࡚࠾ࡃᚲせࡀ࠶
ࡿ 
ͤ௚ࡢࣇ࢓࢖ࣝᙧᘧ࡛ࡶㄞࡳ㎸ࡵࡿࡀ㐺ษ࡛࡞࠸ 
(౛㸸JPEG࡛ࡣゎᯒ⏬ീࡀᑠࡉࡃ࡚⏬㉁ࡀⲨ࠸) 
 
 
ղ㛗ࡉࡢタᐃ㸸ࢧࣥࣉࣝ⏬ീୖࡢ㛗ࡉ 
 ⏬ീゎᯒࢆࡍࡿ࡟࠶ࡓࡾࠊ⏬ീୖ࡛ࡢ㛗ࡉࢆ pixel࠿ࡽ mm࡟ኚ᭦ࡍࡿᚲ
せࡀ࠶ࡿࠋࡇࡢタᐃࢆࡍࡿࡇ࡜࡛ࠊᰁⰍࡋࡓࢥࣟࢽ࣮ࡢ┤ᚄࡸ㠃✚ࡀ⟬ฟࡉ
ࢀࡿࠋ 
 ͤࢧࣥࣉࣝ⏬ീ࡜ྠಸ⋡࡛㛗ࡉࡀศ࠿ࡿ⏬ീࡀᚲせ㸦ࢫࢣ࣮ࣝࣂ࣮ࡀධࡗ
࡚ࡿࡶࡢ㸧 
1. ⏬ീࢧࣥࣉࣝ(ࢫࢣ࣮ࣝࣂ࣮ධࡾ)ࢆ File࠿ࡽ㛤ࡃ 
2. ࢶ࣮ࣝࣂ࣮ࡢ୰࠿ࡽ┤⥺ࢶ࣮ࣝࢆ㑅ᢥࡋࠊ⏬ീୖࡢࢫࢣ࣮ࣝࡢୖ࡟㔜࡞ࡿ
ࡼ࠺࡟┤⥺ࢆᘬࡃࠋ 
Ћ࣓ࢽ࣮ࣗࣂ࣮ 
Ћࢶ࣮ࣝࣂ࣮ 
┤⥺ࢶ࣮ࣝ 
Scale bar࡟ 
ྜࢃࡏ࡚ 
┤⥺ࢆᘬࡃ 
72 
 
3. ࣓ࢽ࣮ࣗࣂ࣮ࡢ୰ࡢ Analyzeࢆ㑅ᢥࡍࡿࠋ 
4. Analyze࣓ࢽ࣮ࣗࡢ୍ぴࡢ 1 ␒ୖࡢ Measure ࢆ㑅ᢥࡍࡿࡇ࡜࡛ࠊResultsࡀ
ู࢘࢕ࣥࢻ࢘࡟⾲♧ࡉࢀࡿࠋ 
5. Resultsࡢ୰ࡢ Lengthࡼࡾࠊࡇࡢᩘ್(㊥㞳)ࢆ 1mm࡜ᐃ⩏ࡍࡿᚲせࡀ࠶ࡿࠋ 
 
6. ෌ᗘࠊAnalyze࣓ࢽ࣮ࣗࢆ㛤ࡁୖ࠿ࡽ 7␒┠ࡢ Set Scaleࢆ㑅ᢥࡍࡿࠋ 
7. Set Scaleࡢྛ㡯┠ࢆኚ᭦ࡍࡿࠋ㸦ୗᅗཧ↷㸧 
 
8. ௨ୖ࡛㛗ࡉࡢタᐃࡀ᏶஢ࡋࠊResults ࡢ⏬㠃࡛ࡣࠊLength ࡛ࡣ mm ⾲グࠊ
Area࡛ࡣ mm2⾲グ࡜࡞ࡿࠋ 
Length =630pixel =1mm (1000μm)࡜ᐃ⩏ࡍࡿࠋ 
タᐃ๓ࡢ Length 
ᐃ⩏ࡋࡓ࠸༢఩ࢆᢤ࠸ࡓ㛗ࡉ 
ᐃ⩏ࡋࡓ࠸༢఩ (┤᥋ධຊ) 
⦪ᶓẚ⋡ (ኚ᭦ࡋ࡞࠸) 
ࢳ࢙ࢵࢡࢆࡘࡅ࡞࠸࡜ 
⌧ᅾࡢ⏬ീࡢࡳ࡛ࡋ࠿ 
㐺ᛂࡉࢀ࡞࠸ 
タᐃࡀ᏶஢ࡋࡓࡽ OKࢆᢲࡍ 
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ճ⢏Ꮚゎᯒ 
㜈್ࡢタᐃ 
1. ࣓ࢽ࣮ࣗࣂ࣮ࡢ Imageࢆ㑅ᢥࡋࠊୖ࠿ࡽ 2␒┠ࡢ Adjust ࡢ୰ࡢୖ࠿ࡽ 4
␒┠ࡢ Thresholdࢆ㛤ࡃࠋ 
2. Threshold Colorࢆ㛤ࡃ࡜ࢧࣥࣉࣝ⏬ീࡢࢥࣟࢽ࣮ࡀᰁࡲࡿࠋ 
ͤ⏬ീୖ࡛ࡣ㉥Ⰽ࡟ᰁࡲࡿ  
3. ⏬ീୖࡢࢥࣟࢽ࣮ࡢᰁࡲࡾලྜࢆ Saturationࡸ Brightness࡛ㄪᩚࡍࡿࠋ 
ͤSaturationࡣ್ࢆ 30㹼40ࡃࡽ࠸࡛ᅛᐃࡍࡿ 
ͤBrightnessࡣ್ࢆࢢࣛࣇࡢ᭱ᑠ್࡟ྜࢃࡏࡿ 
 
 
 
 
  
Adjust Ѝ Threshold 
㜈್⠊ᅖෆ࡛ 
ᰁࡲࡿⰍࡢタᐃ 
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մ⢏Ꮚゎᯒ 
1. ࣓ࢽ࣮ࣗࣂ࣮ࡢ Analyzeࢆ㑅ᢥࡋࠊୖ࠿ࡽ 2␒┠ࡢ Analyze Particleࢆ㑅
ᢥࡍࡿࠋ 
2. Analyze Particleࡀู࢘࢕ࣥࢻ࢘࡟㛤ࡁࠊྛ㡯┠ࢆኚ᭦ධຊࡍࡿࠋ㸦ୗᅗཧ
↷㸧 
3. ྛ㡯┠ࢆධຊࡍࡿ࡜㠃✚ࡀ 0.0057mm2௨ୖࡢࢥࣟࢽ࣮ࡀ㟷Ⰽ࡟ᰁࡵศࡅ
ࡽࢀࡿࠋ 
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4. ู࢘࢕ࣥࢻ࢘࡟⾲♧ࡉࢀࡓ Results ࡢ࣓ࢽ࣮ࣗࣂ࣮࡟࠶ࡿ Results ࢆ㑅ᢥ
ࡍࡿࠋ 
5. ୖ࠿ࡽ 2␒┠ࡢ Summarizeࢆ㑅ᢥࡍࡿ࡜ࠊResultsࡢ࢘࢕ࣥࢻ࢘࡟ 
Mean (୰㛫್)ࠊSD (ᶆ‽೫ᕪ)ࠊMin (᭱ᑠ್)ࠊMax (᭱኱್)ࡀ⾲♧ࡉࢀ
ࡿࠋ 
6. ୖ࠿ࡽ 3 ␒┠ࡢ Distribution ࢆ㑅ᢥࡋࠊู࢘࢕ࣥࢻ࢘㛤࠸ࡓࡽ Parameter
ࡀ Area࡟ࡋ࡚ OKࢆᢲࡍࠋ 
7. 㠃✚ูࡢࢥࣟࢽ࣮ࡢಶᩘࢆ List࡛☜ㄆࡍࡿࠋ 
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3-3 ᐇ㦂⤖ᯝ 
 
3-3-1 ṇᖖ⫢⣽⬊࠾ࡼࡧ⫢⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿDOX࠾ࡼࡧHLࡢ⣽⬊ቑṪᢚไ
ຠᯝ 
 
 ⫢ࡀࢇ⣽⬊(HepG2⣽⬊)࠾ࡼࡧṇᖖ⫢⣽⬊(Hc⣽⬊)ࡢቑṪ࡟ᑐࡍࡿ DOXࡲ
ࡓࡣ HLࡢᙳ㡪࡟ࡘ࠸࡚ Fig.3-12࡟♧ࡋࡓࠋFig.3-12A࠾ࡼࡧ Fig.3-12B࡟♧ࡍ
ࡼ࠺࡟ DOX ฎ⌮ࢆࡋࡓሙྜࠊHepG2 ⣽⬊࠾ࡼࡧ Hc ⣽⬊࡜ࡶ࡟⃰ᗘ౫Ꮡⓗ
(0.001㹼0.1 μM)࡟⣽⬊ᩘࡀ Control (DOXᮍฎ⌮)࡜ẚ࡭࡚ῶᑡࡍࡿࡇ࡜ࡀ♧ࡉ
ࢀࡓࠋࡇࡢࡇ࡜ࡣࠊDOX ࡟ࡼࡿฎ⌮ࡣࠊṇᖖ⫢⣽⬊࡜⫢ࡀࢇ⣽⬊ࡢ㑅ᢥᛶࡀ
↓࠸ࡇ࡜ࢆ♧ࡋ࡚࠾ࡾࠊDOX ࡣไࡀࢇຠᯝࢆ᭷ࡋ࡞ࡀࡽࡶ๪స⏝ࡀ⾲ࢀࡿࡇ
࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊHL࡛ࡣ 50㹼200 μMࡢ⃰ᗘ⠊ᅖ࡟࠾࠸࡚
Hc ⣽⬊ࡢቑṪ࡟ᝏᙳ㡪ࢆཬࡰࡍࡇ࡜࡞ࡃ(Fig.3-12D)ࠊHepG2 ⣽⬊ࡢࡳ࡟⃰ᗘ
౫Ꮡⓗ࡟ቑṪᢚไࢆ♧ࡋࡓ(Fig.3-12C)ࠋࡇࢀࡽࡢ⤖ᯝࡣࠊHL ࡀṇᖖ࡞⫢⣽⬊
ࡢቑṪࢆᢚไࡍࡿࡇ࡜࡞ࡃࠊ⫢⮚ࡀࢇ⣽⬊ࡢࡳࢆ㑅ᢥⓗ࡟㜼ᐖࡋࡓࡇ࡜ࢆ♧၀
ࡋ࡚࠸ࡿࠋ 
  
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Fig.3-12 DOX࠾ࡼࡧ HLฎ⌮࡟ࡼࡿ HepG2⣽⬊࡜ Hc⣽⬊ࡢቑṪᢚไຠᯝ 
(A)HepG2⣽⬊࡟ᑐࡍࡿ DOX 48 hฎ⌮ (n=4)ࠊ*p <0.05 (vs. Control) 
(B) Hc⣽⬊࡟ᑐࡍࡿ DOX 48 hฎ⌮ (n=4) ࠊ*p <0.05 (vs. Control) 
(C) HepG2⣽⬊࡟ᑐࡍࡿ HL 48 hฎ⌮ (n=4) ࠊ*p <0.05 (vs. Control) 
(D) Hc⣽⬊࡟ᑐࡍࡿ HL 48 hฎ⌮ (n=4) ࠊ*p <0.05 (vs. Control) 
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3-3-2 HL࡟ࡼࡿ HepG2⣽⬊ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ 
 
HL࡟ࡼࡿ HepG2⣽⬊࡟ᑐࡍࡿ⣽⬊Ṛ࡟ࡘ࠸࡚ㄪ࡭ࡿࡓࡵ࡟ Caspase-3άᛶ
ࡢ ᐃࢆ⾜ࡗࡓ⤖ᯝࢆ Fig.3-13࡟♧ࡋࡓࠋ⣽⬊ෆࡢ Caspase-3ࡢάᛶࡣࠊHLฎ
⌮ࡋࡓᚋ࡟᫬㛫࠾ࡼࡧ⃰ᗘ౫Ꮡⓗ࡟ほᐹࡉࢀࡓࠋࡇࡢࡇ࡜࠿ࡽࠊHepG2⣽⬊ࡢ
ቑṪࡀ HLฎ⌮࡟ࡼࡾᢚไࡉࢀࡿ⌮⏤ࡣࠊ࢔࣏ࢺ࣮ࢩࢫㄏᑟᆺࡢ⣽⬊Ṛ࡟㉳ᅉ
ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ200 μMࡢ HL࡛ṇᖖ⫢⣽⬊࡟ 48᫬㛫ฎ⌮ࡋ࡚ࡶ
඲ࡃᙳ㡪ࢆ୚࠼࡞࠸ࡇ࡜࠿ࡽࡶ(Fig.3-12D)ࠊHLฎ⌮࡟ࡼࡿ HepG2⣽⬊ࡢ࢔࣏
ࢺ࣮ࢩࢫㄏᑟࡣ⫢ࡀࢇ⣽⬊࡟㑅ᢥⓗ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ 
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Fig.3-13 HepG2⣽⬊୰ࡢ HLฎ⌮࡟ࡼࡿ Caspase-3άᛶ⣽⬊ࡢ๭ྜ 
 
  
C
el
l c
ou
nt
Florescence intensity [-]
24 h
HL 150 μM HL 200 μMControl
Negative 
control: 
0.03%
8.2 % 31.4 %
26.8 % 50.2 %
1.9 %
1.5 %
12 h
80 
 
3-3-3  DOX࠾ࡼࡧ HLࡀ⫢ࡀࢇᖿ⣽⬊⋡࡟୚࠼ࡿᙳ㡪 
 
⫢ࡀࢇᖿ⣽⬊ࡢ࣐࣮࣮࢝࡜ࡋ࡚ࠊCD133 ࡜ EpCAM ࡀ୧㝧ᛶࢆ♧ࡍ㞟ᅋࢆ
⫢ࡀࢇᖿ⣽⬊࡜ࡋ࡚ྠᐃࡋࠊDOX࠾ࡼࡧ HLฎ⌮ᚋ࡟ FCMゎᯒࢆࡋࡓ⤖ᯝࢆ
Fig.3-14 ࡟♧ࡋࡓࠋ⤖ᯝ࡜ࡋ࡚ࠊDOX ฎ⌮ࡍࡿࡇ࡜࡛⃰ᗘ౫Ꮡⓗ࡟
CD133(+)/EpCAM(+)ࡢ๭ྜࡀቑຍࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ㏫࡟ HLฎ⌮ࡋࡓሙྜ
ࡣࠊ⃰ᗘ౫Ꮡⓗ࡟ CD133(+)/EpCAM(+)ࡢ๭ྜࡀῶᑡࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇ
ࢀࡽࡢ▱ぢࡣࠊ⫢ࡀࢇ⣽⬊㞟ᅋ࡟Ꮡᅾࡍࡿ⫢ࡀࢇᖿ⣽⬊ࡀࠊᚑ᮶ࡢᢠࡀࢇ๣
(DOX)࡟ᑐࡋ࡚⪏ᛶࢆ♧ࡋ࡚ṧᏑࡍࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋࡲࡓࠊDOX ฎ⌮࡛
ࡣ⣽⬊ቑṪ࡟ᢚไࡀ࠿࠿ࡿࡓࡵࠊ⮫ᗋ࡛ࡣぢ࠿ࡅୖࡣ἞⒪ຠᯝࡀㄆࡵࡽࢀࡿࡀࠊ
ᚋ࡟ṧᏑࡋࡓ⫢ࡀࢇᖿ⣽⬊ࡀቑṪࡋ࡚෌Ⓨࡍࡿᠱᛕࡀ࠶ࡿࠋ୍᪉࡛ࠊHLࡣ⫢
ࡀࢇ⣽⬊ࡢቑṪᢚไຠᯝ࡟ຍ࠼࡚ࠊCD133(+)/EpCAM(+)ࢆ♧ࡍ⫢ࡀࢇᖿ⣽⬊㞟
ᅋࢆ㑅ᢥⓗ࡟ቑṪ㜼ᐖࡋࡓ࡜⪃࠼ࡽࢀࡿࡓࡵࠊ⮫ᗋ἞⒪࡟࠾࠸࡚෌Ⓨࡍࡿࣜࢫ
ࢡࡀᢚ࠼ࡽࢀࡿ࡜⪃࠼ࡽࢀࡿࠋ 
  
81 
 
 
 
Fig.3-14 DOX࠾ࡼࡧ HLฎ⌮ᚋࡢ HepG2⣽⬊୰ࡢ CD133(+)/EpCAM(+)ࡢ๭ྜ 
(A) DOX 48 hฎ⌮࡟ࡼࡿ CD133/EpCAMࡢⓎ⌧ 
(B) DOX 48 hฎ⌮࡟ࡼࡿ CD133(+)/EpCAM(+)⣽⬊ࡢ๭ྜ(n=4)ࠊ 
*p <0.05 (vs. Control) 
(C) HL 48 hฎ⌮࡟ࡼࡿ CD133/EpCAMࡢⓎ⌧ 
(D) HL 48 hฎ⌮࡟ࡼࡿ CD133(+)/EpCAM(+)⣽⬊ࡢ๭ྜ(n=4)ࠊ 
*p <0.05 (vs. Control) 
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3-3-4  DOX࠾ࡼࡧ HLࡀ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟࡟୚࠼ࡿᙳ㡪 
 
 DOX࠾ࡼࡧ HLฎ⌮ࡋࡓ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟࡟ࡘ࠸࡚ㄪ࡭ࡿࡓࡵ࡟㌾
ᐮኳࢥࣟࢽ࣮ᙧᡂἲࢆ⾜࠸ࠊࡑࡢ⤖ᯝࢆ Fig.3-15࡟♧ࡋࡓࠋHepG2⣽⬊ࡣ㊊ሙ
㠀౫ᏑࡢቑṪࢆ⾜࠺ࡓࡵࠊ㌾ᐮኳᇵᆅ୰࡛ࡶቑṪᛶࢆ♧ࡋࠊDOX࠾ࡼࡧ HLฎ
⌮ࢆ⾜ࢃ࡞࠸≧ែࡢࢥࣟࢽ࣮ᙧᡂࡢᵝᏊࢆ Fig.3-15A ࡢᕥഃ࡟ Control ࡜ࡋ࡚
♧ࡋࡓࠋFig.3-15A࠾ࡼࡧ B࠿ࡽ᫂ࡽ࠿࡞ࡼ࠺࡟ࠊDOXฎ⌮ 0.001㹼0.05 μMࡢ
⠊ᅖ࡛ࢥࣟࢽ࣮ᩘࡀቑຍࡍࡿഴྥࢆ♧ࡋࠊ0.1 μM ࡟࠾࠸࡚ࡣῶᑡࡋࡓࠋ௨㝆
ࡢ⃰ᗘ࡛ࡶ኱ࡁ࡞ࢥࣟࢽ࣮ࡀṧᏑࡍࡿ⤖ᯝ࡜࡞ࡗࡓ࡜⪃࠼ࡿ(Fig.3-15B)ࠋࡇࡢ
ࡇ࡜ࡣࠊDOXฎ⌮࡟ࡼࡾ HepG2୰࡟Ꮡᅾࡍࡿ⫢ࡀࢇᖿ⣽⬊ࡀṧᏑࡋ࡚⃰⦰ࡉ
ࢀࡓࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ୍ࠋ ᪉࡛ࠊHLฎ⌮ࡋࡓ᮲௳࡛ࡣ⃰ᗘ౫Ꮡⓗ࡟ࠊControl
࡜ẚ㍑ࡋ࡚ᙧᡂࡋࡓࢥࣟࢽ࣮ᩘࢆ᭷ព࡟ῶᑡࡉࡏࡿࡇ࡜ࡀ♧ࡉࢀࡓ(Fig.3-
15C)ࠋࡇࡢ⤖ᯝࡣࠊHLࡣ HepG2⣽⬊୰࡟Ꮡᅾࡍࡿࠊ⫢ࡀࢇᖿ⣽⬊ࡀ᭷ࡍࡿ㧗
࠸⭘⒆ᙧᡂ⬟ࡶᢚไ࡛ࡁࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 
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Fig.3-15 DOX࠾ࡼࡧ HLฎ⌮ᚋࡢ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟ࡢẚ㍑ 
(A) ㌾ᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ᙧᡂ෗┿ (㟷: ࢥࣟࢽ࣮ࠊ㉥: 㠀ࢥࣟࢽ࣮)ࠊ 
  Scale Bars: 200 μm 
(B) DOX 48 hฎ⌮࡟ࡼࡿࢥࣟࢽ࣮ᙧᡂᩘ (n=4)ࠊ*p <0.05 (vs. Control) 
(C) HL 48 hฎ⌮࡟ࡼࡿࢥࣟࢽ࣮ᙧᡂᩘ (n=4)ࠊ*p <0.05 (vs. Control) 
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3-3-5  HepG2⣽⬊୰ࡢ CD133/EpCAMⓎ⌧ࡢ᭷↓ࡀ HLࡢ⵳✚࡟୚࠼ࡿᙳ㡪 
 
 HepG2⣽⬊୰࡟࠾࠸࡚ࠊࡀࢇᖿ⣽⬊࣐࣮࣮࡛࢝࠶ࡿ CD133࡜ EpCAMࡢⓎ
⌧ࡀ HL ࡢ⵳✚࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ㄪ࡭ࡿࡓࡵࠊ⺯ග⬡㉁ྵ᭷ HL 
(HL/NBDPC)ࢆ⏝࠸᳨࡚ドࡋࡓࠋࡲࡎࠊ⫢ࡀࢇ⣽⬊࡛࠶ࡿ HepG2 ⣽⬊࡬
HL/NBDPCࡣࠊFig.3-16࡟♧ࡍࡼ࠺࡟⃰ᗘ౫Ꮡⓗ࡟⵳✚ࡍࡿࡇ࡜ࡀほᐹࡉࢀࡓࠋ
ࡉࡽ࡟ࠊ HepG2 ⣽⬊୰ࡢ CD133(+)/EpCAM(+)ࠊ CD133(-)/EpCAM(+)ࠊ
CD133(+)/EpCAM(-)ࠊCD133(-)/EpCAM(-)ࢆ♧ࡍ 4㞟ᅋ࡟ศ⏬ࡋ(Fig.3-17A)ࠊࡑ
ࢀࡒࢀࡢ㞟ᅋ࡬ࡢ HL/NBDPCࡢ⵳✚㔞ࢆẚ㍑ࡋࡓ࡜ࡇࢁࠊFig.3-17B࡟♧ࡍࡼ
࠺࡟ CD133(+)/EpCAM(+)࠾ࡼࡧ CD133(-)/EpCAM(+)࡬ࡢ⵳✚ࡀ௚ 2 㞟ᅋࡼࡾ
ࡶ᫂ࡽ࠿࡟ከ࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢࡇ࡜ࡣࠊHLࡣ CD133(+)ࢆ♧ࡍ⣽⬊ࡼࡾ
ࡶ EpCAM(+)ࢆ♧ࡍ⣽⬊࡬ࡼࡾከࡃ⵳✚ࡍࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ≉࡟ࠊ⫢ࡀ
ࢇᖿ⣽⬊࡜ᐃ⩏ࡋࡓ CD133(+)/EpCAM(+)ࡀ᭱ࡶ⵳✚ࡀከ࠸ࡇ࡜࠿ࡽࠊHLࡣ⫢
ࡀࢇᖿ⣽⬊㞟ᅋ࡬㑅ᢥⓗ࡟⵳✚ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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Fig.3-17 HepG2⣽⬊࡟࠾ࡅࡿ CD133/EpCAMࡢⓎ⌧ࡀ 
HL/NBDPCࡢ⵳✚࡟୚࠼ࡿᙳ㡪 
(A) HL/NBDPC࡛ 1 hฎ⌮ࡋࠊ(i):CD133(+)/EpCAM(-), (ii): CD133(+)/EpCAM(+),  
(iii): CD133(-)/EpCAM(-), (iv): CD133(-)/EpCAM(-)ࡢ 4㞟ᅋ࡛ HL/NBDPC⵳✚ 
ࡢゎᯒࢆ⾜࠸ࠊ౛࡜ࡋ࡚ HL/ NBDPC 200 μM, 1 hฎ⌮ࡢࡶࡢࢆᣲࡆࡓ 
(B) ྛ⣽⬊㞟ᅋ࡟࠾ࡅࡿ HL/NBDPCࡢ⵳✚ࡢ๭ྜ (n=3) 
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3-4 ⥲ᣓ 
 
 ࡀࢇ⣽⬊୰࡟Ꮡᅾࡍࡿࡀࢇᖿ⣽⬊ࡢᏑᅾࡣࠊࡀࢇࡢ἞⒪࡟࠾࠸࡚኱ࡁ࡞㞀ᐖ
࡜࡞ࡗ࡚࠾ࡾࠊࡀࢇᖿ⣽⬊ࡢ᰿⤯ࡀ㔜せ࡞ࡇ࡜࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋ࡞
ࡀࡽࠊࡀࢇᖿ⣽⬊ࡣእ⛉ⓗ⒪ἲ࡛ࡣ᤼㝖ࡋ࡟ࡃࡃࠊࡉࡽ࡟ຠᯝⓗ࡞໬Ꮫ⒪ἲ๣
ࡢ㛤Ⓨࡶ඘ศ࡜ࡣゝ࠼࡞࠸ࡇ࡜ࡀ⌧≧࡛࠶ࡿࠋᮏ❶࡛ࡣࠊ⫢ࡀࢇᖿ⣽⬊ࢆ㑅ᢥ
ⓗ࡟᤼㝖ࡍࡿࢼࣀ⢏Ꮚᢠࡀࢇ๣࡜ࡋ࡚ HLࢆ౑⏝ࡋࠊࡑࡢຠᯝ࡟ࡘ࠸᳨࡚ドࢆ
⾜ࡗࡓࠋ⤖ㄽ࡜ࡋ࡚ࠊHLࡣ⫢ࡀࢇ⣽⬊࡛࠶ࡿ HepG2⣽⬊୰ࡢ⫢ࡀࢇᖿ⣽⬊࡟
ᑐࡋ࡚㑅ᢥⓗ࡟ቑṪᢚไຠᯝࢆ♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ᪂ࡋ࠸▱ぢࡣ௨ୗ
ࡢ㏻ࡾ࡛࠶ࡿࠋ 
 
 
1. DOX ࡣ⫢ࡀࢇ⣽⬊(HepG2 ⣽⬊)࡜ṇᖖ࡞⫢⣽⬊(Hc ⣽⬊)ඹ࡟ቑṪᢚไຠ
ᯝࢆ♧ࡋ࡚㑅ᢥᛶࡀ↓࠸ࠋ୍᪉ࠊHLࡣ HepG2⣽⬊࡟ᑐࡋ࡚ࡢࡳ Caspase-
3ࢆ௓ࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟᆺࡢ⣽⬊Ṛ࡟ࡼࡾ㑅ᢥⓗ࡟ቑṪࢆᢚไࡋࡓࠋ 
 
2. HLࡣ⃰ᗘ౫Ꮡⓗ࡟ࠊHepG2⣽⬊୰ࡢ CD133(+)/EpCAM(+)ࢆ♧ࡍ⫢ࡀࢇᖿ
⣽⬊㞟ᅋࢆ㑅ᢥⓗ࡟㜼ᐖࡋࡓࠋ୍᪉ࠊ DOX ࡣ⃰ᗘ౫Ꮡⓗ࡟
CD133(+)/EpCAM(+)㞟ᅋࡢ๭ྜࡀ㧗ࡲࡾࠊ⸆๣⪏ᛶࢆ♧ࡋࡓࠋ 
 
3. ⭘⒆ཎᛶホ౯ࡢ⤖ᯝ࡛ࡣࠊDOX ฎ⌮࡛ࡣ༑ศ࡞⭘⒆ཎᛶ⬟ࡢᢚไຠᯝࡀ
ほ ࡉࢀ࡞࠿ࡗࡓࡀࠊHLฎ⌮࡟ࡼࡗ࡚ HepG2⣽⬊ࡢࢥࣟࢽ࣮ᙧᡂ⬟ࢆ᫂
ࡽ࠿࡟ᢚไࡋࡓࠋ 
 
4. HLࡣ HepG2⣽⬊୰ࡢ CD133(+)/EpCAM(+)㞟ᅋ࡬᭷ព࡟⵳✚ࡋࠊ⫢ࡀࢇᖿ
⣽⬊࡬㑅ᢥⓗ࡟స⏝ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
 
 ௨ୖࡢ⤖ᯝࡣࠊHLࡀ⫢ࡀࢇ἞⒪࡟࠾࠸࡚⫢ࡀࢇᖿ⣽⬊ࢆᶆⓗ࡜ࡍࡿ᪂つ࡞
ࢼࣀ⢏Ꮚᢠࡀࢇ๣࡛࠶ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 
 HLࡀࡀࢇᖿ⣽⬊࡟స⏝ࡍࡿᶵᵓࡢヲ⣽࡟ࡘ࠸࡚ࠊᮍࡔ୙᫂࡞Ⅼࡀከ࠸ࠋࡋ
࠿ࡋ࡞ࡀࡽࠊࡀࢇᖿ⣽⬊ࡢከᵝᛶࡸࡀࢇ⣽⬊ࡢศ໬ᗘࠊࡉࡽ࡟ṇᖖ⣽⬊࡜ࡢ≀
⌮ⓗᛶ㉁ࡢ㐪࠸࡞࡝ࡀ㛵୚ࡍࡿࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋࡇࢀࡲ࡛࡟ุ᫂ࡋ࡚࠸ࡿ▱
ぢ࡜ࡋ࡚ࠊHLࡣṇᖖ⣽⬊࡜ࡀࢇ⣽⬊ࡢ⣽⬊⭷ࡢὶືᛶࢆ༊ูࡋࠊ⣽⬊⭷ὶື
ᛶࡢ኱ࡁ࠸ࡀࢇ⣽⬊࡬ඃඛⓗ࡟⵳✚ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 103)ࠋࡲࡓࠊ
௚ࡢ◊✲࡛ࡣࠊṇᖖ࡞ᖿ⣽⬊ࡢ⣽⬊⭷ࡣศ໬ࡀ㐍ࢇࡔ⣽⬊ࡼࡾࡶὶືᛶࡀ኱ࡁ
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໬ศࡶ࡛⬊⣽ࢇࡀࠊ࡜ࡿ࠼ࡲ㋃ࢆ࡜ࡇࡢࡽࢀࡇࠋ)401 ࡿ࠸࡚ࢀࡉ࿌ሗࡀ࡜ࡇ࠸
࠶࡟ቃ⎔⭷࠸ࡍࡸࡋ⏝సࡀLHࠊࡋ♧ࢆᛶືὶ࠸㧗ࡀ᪉ࡢ⬊⣽ᖿࢇࡀ࠸పࡀᗘ
ࡿࡍ㛵࡟ไᢚ⬊⣽ᖿࢇࡀࡓ࠸⏝ࢆLH ࡢᚋ௒ࠊࡵࡓࡢࡑࠋࡿࢀࡉᐹ᥎ࡀ࡜ࡇࡿ
ᖿࢇࡀ㠀࡜⬊⣽ᖿࢇࡀࠊ࡟ࡵࡓࡢ᫂ゎࡢ࣒ࢬࢽ࣓࢝⏝సࠊ࡚ࡋ࡜Ⅼ㢟ㄢࡢ✲◊
 ࠋࡿࢀࡽ࠼⪃࡜ࡿ࠶ࡀせᚲࡿࡍウ᳨࡚࠸ࡘ࡟ᛶືὶࡢ⬊⣽
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➨ 4❶ ⥲ㄽ 
 
ࡀࢇ἞⒪࡟࠾࠸࡚ࠊ୕኱⒪ἲ࡜ゝࢃࢀࡿእ⛉⒪ἲ࣭ᨺᑕ⥺⒪ἲ࣭໬Ꮫ⒪ἲࡢ
୰࡛ࠊᅛᙧࡀࢇ࠾ࡼࡧ඲㌟ᛶࡢࡀࢇ࡬ຠᯝࡀᮇᚅ࡛ࡁࡿ἞⒪ἲࡣ໬Ꮫ⒪ἲࡔ࡜
ゝࢃࢀ࡚࠸ࡿ 11, 12)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡀࢇ໬Ꮫ⒪ἲ࡟࠾࠸࡚⸆๣⪏ᛶࡢ⋓ᚓ࡜ࡀ
ࢇᖿ⣽⬊ࡢᏑᅾࡣࠊᢠࡀࢇ๣ࡢຠᯝࡀపୗࡍࡿࡓࡵ⮴࿨ⓗ࡞ၥ㢟࡜࡞ࡿࠋࡉࡽ
࡟ࠊ⸆๣⪏ᛶ࡟ᑐᢠࡋ࡚ᢠࡀࢇ๣ࡢᢞ୚㔞ࡸ✀㢮ࢆቑࡸࡍࡇ࡜࡛๪స⏝ࡀ኱ࡁ
ࡃ࡞ࡾࠊ἞⒪࡟࠾ࡅࡿᝈ⪅ࡢ QOL(Quality of life)ࡀపୗࡍࡿࡇ࡜ࡶ⪃࠼ࡽࢀࡿࠋ
ࡲࡓࠊࡀࢇࡣ㧗㱋໬࡜ඹ࡟ࡑࡢࣜࢫࢡࡀୖ᪼ࡍࡿ⑓Ẽ࡛࠶ࡾࠊ᪥ᮏࡣୡ⏺࡛ࡶ
㢮ࢆぢ࡞࠸㉸㧗㱋໬♫఍(ᅜࡢ⥲ேཱྀࡢ࠺ࡕ 65 ṓ௨ୖࡀ 21%ࢆ㉸࠼ࡿ♫఍)࡟
✺ධࡋ࡚࠸ࡿ 105)ࠋࡑࡢࡓࡵࠊ௒ᚋࡶ᪥ᮏே࡟࡜ࡗ࡚ࠊࡀࢇࡣ㌟㏆࡞⑓࡛࠶ࡿ
ࡇ࡜ࡣ౫↛࡜ࡋ࡚ኚࢃࡽ࡞࠸࡜ண ࡉࢀࡿࠋ 
ࡲࡓࠊᢠࡀࢇ๣࡟㝈ࡽࡎ་⸆ရࡢ㛤Ⓨࡣࠊ᪂つೃ⿵໬ྜ≀ࡢ㑅ᐃ࠿ࡽ㈍኎ࡲ
࡛ࢆ⪃࠼ࡿ࡜ࠊ10 ᖺ௨ୖࡢ㛗࠸㛤Ⓨᮇ㛫࡜ᩘⓒ൨෇ࡶࡢ㈝⏝ࡀ᥃࠿ࡿ୍኱ࣉ
ࣟࢪ࢙ࢡࢺ࡛࠶ࡿ(Fig.4-1)ࠋ᪂⸆ࢆ㛤Ⓨࡍࡿ〇⸆఍♫ࡣࠊ⭾኱࡞ேဨ࠾ࡼࡧ㛤
Ⓨ㈝ࢆ㈝ࡸࡋᩥࠊ Ꮠ㏻ࡾ♫㐠ࢆ࠿ࡅ࡚ྲྀࡾ⤌ࡴࡇ࡜࡟࡞ࡿࡀࠊᐇ㝿ࡢ࡜ࡇࢁ᪂
⸆ࡢᕷ㈍໬ࡲ࡛㎺ࡾ╔ࡃ་⸆ရࡣࡈࡃഹ࠿࡛࠶ࡿࡓࡵࠊ་⸆ရ㛤Ⓨࡣ㠀ᖖ࡟ࣜ
ࢫࢡࡀ㧗࠸ࡶࡢ࡛࠶ࡿ 106)ࠋࡑࡢཎᅉࡢ୍➃ࡣࠊೃ⿵໬ྜ≀ࡢ㑅ᐃࢆᢸ࠺⣽⬊
ᐇ㦂࡛ᚓࡽࢀࡓ▱ぢ࡜యෆືែࡀ཯ᫎࡉࢀࡿ๓⮫ᗋヨ㦂(ື≀ᐇ㦂)ࡸ⮫ᗋヨ
㦂(ࣄࢺ࡬ࡢ἞㦂)࡛ᚓࡽࢀࡿ▱ぢࡢࢠࣕࢵࣉ࡟࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
ࡲࡎࠊ➨ 1ࡢࢠࣕࢵࣉࡣࠊ⣽⬊ࣞ࣋ࣝࡢೃ⿵໬ྜ≀ࢫࢡ࣮ࣜࢽࣥࢢ࡜ື≀ᐇ
㦂ࡢ㛫࡟㉳ࡇࡾᚓࡿࠋ⌧ᅾࡢೃ⿵໬ྜ≀ࡢࢫࢡ࣮ࣜࢽࣥࢢ࡛ࡣࠊ⣽⬊ࢆ dish(ࡲ
ࡓࡣ plate)ࡢୖ࡛஧ḟඖᇵ㣴(2Dᇵ㣴)ࡋࠊࡑࡢ⣽⬊࡟ೃ⿵໬ྜ≀ࢆ᭚㟢ࡉࡏ࡚
࠸ࡿࠋ2Dᇵ㣴࡟ࡼࡿࢫࢡ࣮ࣜࢽࣥࢢࡣ᫇࠿ࡽᐇ᪋ࡉࢀ࡚࠾ࡾࠊ⡆౽࡛࠶ࡿࡀࠊ
㏆ᖺ࡛ࡣᐇ㝿ࡢ⏕యෆ࡜ࡣ኱ࡁࡃ␗࡞ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿࠋ౛࠼ࡤࠊ
ᢠࡀࢇ๣ࡢࢫࢡ࣮ࣜࢽࣥࢢࡢ㝿࡟ᇵ㣴ࡍࡿࡀࢇ⣽⬊ࢆ 2Dᇵ㣴ࡍࡿ࡜ࠊ⸆๣⪏
㠀⮫ᗋヨ㦂
ᇶ♏◊✲
⮫ᗋヨ㦂
ᢎㄆ⏦ㄳ
〇㐀㈍኎
2䡚3ᖺ
᪂⸆䛸䛺䜛ྍ⬟ᛶ䛾䛒䜛໬ྜ≀䛾๰〇䜔ೃ⿵໬ྜ≀䛾㑅ู
3䡚5ᖺ
⸆ຠ⸆⌮䞉⸆≀ືែ䞉Ᏻ඲ᛶヨ㦂䞉ẘᛶヨ㦂䛺䛹ྛヨ㦂䜢
ື≀䜢⏝䛔䛶ᐇ᪋(ື≀ᐇ㦂)
3䡚7ᖺ
➨Ⅰ┦ヨ㦂(⮫ᗋ⸆⌮ヨ㦂)䚸➨Ⅱ┦ヨ㦂(᥈⣴ⓗヨ㦂)䚸
➨Ⅲ┦ヨ㦂(᳨ドⓗヨ㦂)䛾ᐇ᪋ (=἞㦂)
1䡚2ᖺ
⮫ᗋヨ㦂䛷᪂⸆䛾᭷ຠᛶ䜔Ᏻ඲ᛶ䛾☜ㄆᚋ䚸
ཌ⏕ປാ኱⮧䛻䜘䜛〇⸆௻ᴗ䛻〇㐀䞉㈍኎䛾ᢎㄆ
๰
⸆
9䡚17ᖺ
⣽⬊ᐇ㦂(in vitro)䛸
ື≀ᐇ㦂(in vivo)䛾䜼䝱䝑䝥
ື≀䛸䝠䝖㛫䛾
⏕≀✀ᕪ䛻䜘䜛䜼䝱䝑䝥
Fig.4-1 ་⸆ရ㛤Ⓨࡢὶࢀ࡜㛤Ⓨ࡟࠾ࡅࡿၥ㢟Ⅼ 
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ᛶ࡟㛵ࡍࡿMDR1ࡢⓎ⌧ࡀపࡃ 73, 82)ࠊ⣽⬊ᐇ㦂࡛᭷ຠᛶࢆ♧ࡏ࡚ࡶື≀ᐇ㦂
࡛᭷ຠᛶࢆ♧ࡉ࡞࠸ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋࡑࡢࡓࡵࠊ㏆ᖺ࡛ࡣ⣽⬊ᐇ㦂(in vitro)
࡛࠸࠿࡟⏕యෆ(in vivo)ࢆṇ☜࡟ᶍೌ࡛ࡁࡿ࠿ࡀ㔜せ࡞ㄢ㢟࡛࠶ࡾࠊin vivoࡢ
⤖ᯝࢆண ホ౯ྍ⬟࡞⣽⬊࣮࣋ࢫ(in vitro)ホ౯⣔ࡢ㛤Ⓨ࡜ࡑࡢ᭷⏝ᛶࢆ♧ࡍ᳨
ドࡀᚲせ࡛࠶ࡿࠋ 
➨ 2 ࡢࢠࣕࢵࣉ࡜ࡋ࡚⪃࠼ࡽࢀࡿࡇ࡜ࡣࠊࣄࢺ࡜௚ࡢື≀࡛་⸆ရࡢయෆ
௦ㅰࡀ␗࡞ࡿࡇ࡜࡛࠶ࡿࠋ⌧ᅾࠊࣄࢺ࡜ᐇ㦂ື≀(౛࠼ࡤࠊ࣐࢘ࢫ࡞࡝)࡛ࡣࠊ
⸆≀௦ㅰࡢ୺ࡓࡿ⮚ჾ࡛࠶ࡿ⫢⮚࡟Ꮡᅾࡍࡿ௦ㅰ㓝⣲ࡢศᏊ✀ࡸⓎ⌧㑇ఏᏊ
✀ࡀ␗࡞ࡿࡇ࡜ࡀุ᫂ࡋ࡚࠸ࡿࡀ 74,75)ࠊࡇࡢᐇ㦂ື≀ࢆ⏝࠸ࡓヨ㦂ἲࡀ୺ὶ࡛
ᶆ‽໬ࡉࢀ࡚࠸ࡿࡓࡵ࡟ࠊከࡃࡢೃ⿵໬ྜ≀ࡀື≀ᐇ㦂࡛᭷ຠᛶࢆ♧ࡉࡎ⬺ⴠ
ࡍࡿࠋࡑࡢࡓࡵࠊ๓㏙ࡋࡓ➨ 1 ࡢࢠࣕࢵࣉ࡜➨ 2 ࡢࢠࣕࢵࣉࢆᇙࡵࡿࡓࡵ࡟
ࡶࠊ⣽⬊࣮࣋ࢫࡢホ౯⣔࡛ࡣࣄࢺࡢ⣽⬊ࢆ୕ḟඖᇵ㣴(3D ᇵ㣴)ࡋ࡚⏕యෆ࡟
㏆ࡋ࠸⎔ቃࢆᶍೌࡋ࡚ࠊࡑࡢᶵ⬟Ⓨ⌧ࢆࡶࡗ࡚᭷⏝࡞ೃ⿵໬ྜ≀ࢆ㑅ᐃࡋࠊᚲ
せ᭱ప㝈ࡢື≀ᐇ㦂ࢆᐇ᪋ࡋ࡚ຠᯝ࡜Ᏻ඲ᛶࡢヨ㦂ࢆᐇ᪋ࡍࡿࡇ࡜ࡀᚲせ࡛
࠶ࡿࠋ 
ࡲࡓ㏆ᖺࠊ୺࡟ື≀ឡㆤࡢほⅬ࠿ࡽࠊ໬⢝ရᮦᩱࡢᏳ඲ᛶヨ㦂࡟ᑐࡋ࡚ࠊື
≀ᐇ㦂௦᭰ἲࡢಁ㐍ࡀୡ⏺ⓗ࡞₻ὶ࡜࡞ࡗ࡚࠸ࡿࠋື≀ᐇ㦂௦᭰ἲࡣࠊ
Replacement(ື≀ࢆ⏝࠸࡞࠸௦᭰ἲ࡬ࡢ⨨᥮)ࠊReduction(ື≀ᩘࡢ๐ῶ)ࠊ
Refinement(ື≀࡟ᑐࡍࡿⱞ③ࡢ㍍ῶ)࠿ࡽᡂࡿ 3Rࡢཎ๎࡟๎ࡗ࡚࠸ࡿືࠋ ≀ᐇ
㦂࡟࠾ࡅࡿ 3Rࡣ 1959ᖺ࡟࢖ࢠࣜࢫࡢ◊✲⪅࡛࠶ࡿ Russell࡜ Burch࡟ࡼࡾᥦ
ၐࡉࢀࠊ㏆ᖺ࡛ࡣᐇ㦂ື≀⚟♴࡟㛵ಀࡍࡿྛᅜࡢἲᚊࡸᣦ㔪ࡔࡅ࡛࡞ࡃࠊᅜ㝿
ᇶ‽ࡸᅜ㝿ᣦ㔪࡟᥇⏝ࡉࢀ࡚࠸ࡿ 107,108)ࠋEU࡛ࡣ 2013ᖺ 3᭶࡟Ⓨຠࡋࡓつไ
࡟ࡼࡾࠊ໬⢝ရ㛤Ⓨ࡟ື≀ᐇ㦂ࢆ⏝࠸ࡿࡇ࡜ࡀ⚗Ṇࡉࢀ 109)ࠊ໬Ꮫ≀㉁࡟ࡘ࠸
࡚ࡶḢᕞࡢ໬Ꮫ≀㉁ࡢⓏ㘓ࠊホ౯ࠊㄆྍཬࡧไ㝈࡟㛵ࡍࡿつ๎(Registration, 
Evaluation, Authorization and Restriction of Chemicals㸸REACH)ࡸ⡿ᅜࡢᨵṇ᭷ᐖ
≀㉁つไἲ(Toxic Substances Control Act㸸TSCA)࡟ື≀ᐇ㦂௦᭰ἲࡢ฼⏝ࡀ᫂
๪స⏝䞉ẘᛶ᭷ຠᛶ䞉Ᏻ඲ᛶ
䝧䝛䝣䜱䝑䝖 䝸䝇䜽
་⸆ရ䛾㛤Ⓨ
䝧䝛䝣䜱䝑䝖䠚䝸䝇䜽䛺䜛≧ἣ䜢ุ᩿䛩䜛䛯䜑䛻……
Refinement
3R
Replacement Reduction
᪂つヨ㦂ἲ䞉ホ౯ἲ
Fig.4-2 ࣞࢠࣗࣛࢺ࣮ࣜࢧ࢖࢚ࣥࢫ࡜ 3Rࡢཎ๎ 
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グࡉࢀࡿ࡞࡝ࠊୡ⏺ⓗ࡟ࡶᐇ㦂ື≀ࢆ⏝࠸࡞࠸ヨ㦂ἲࢆ฼⏝ࡏࡊࡿࢆᚓ࡞࠸≧
ἣ࡟࡞ࡗ࡚࠸ࡿ 110, 111)ࠋ᪥ᮏ࡛ࡶࠊ1973ᖺ࡟ไᐃࡉࢀࡓࠕື≀ࡢឡㆤཬࡧ⟶⌮
࡟㛵ࡍࡿἲᚊࠖࡀ 2005 ᖺ࡟ᨵṇࡉࢀࡓ㝿࡟ 3R ࡢ⌮ᛕࡀ᫂ᩥ໬ࡉࢀ࡚࠾ࡾࠊ
ᅜࡢ᪉㔪࡜࡞ࡗ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊࣄࢺࡀ᭹⏝ࡋ࡚⸆ຠ⸆⌮ࢆ♧ࡍ་⸆ရ
࡟࠾࠸࡚ືࠊ ≀ᐇ㦂ࡣ་⸆ရࡢయෆືែࡸຠ⬟ࢆ▱ࡿୖ࡛ᚲせ୙ྍḞ࡞㐨࡛࠶
ࡿࠋ௬࡟ື≀ᐇ㦂ࢆ᏶඲࡟᰿⤯ࡋࡓሙྜࠊ⏕యෆ࡛ຠᯝࡸ๪స⏝ࡀ୙᫂░࡞ࡲ
ࡲࠊ᛹ࡋ࠸ேయᐇ㦂ࢆ⾜࠺ࡇ࡜࡟࡞ࡿࡓࡵࠊ೔⌮ឤ࠾ࡼࡧ⛉Ꮫⓗ᰿ᣐࡀḞⴠࡋ
࡚ࡋࡲ࠺ࠋࡑࡇ࡛ࠊࣞࢠࣗࣛࢺ࣮ࣜࢧ࢖࢚ࣥࢫ࡜࠸࠺⪃࠼ࡀ࠶ࡿࠋࣞࢠࣗࣛࢺ
࣮ࣜࢧ࢖࢚ࣥࢫࡣࠊࠕ⛉Ꮫᢏ⾡ࡢᡂᯝࢆே࡜♫఍࡟ᙺ❧࡚ࡿࡇ࡜ࢆ┠ⓗ࡟ࠊ᰿
ᣐ࡟ᇶ࡙ࡃⓗ☜࡞ண ࠊホ౯ࠊุ᩿ࢆ⾜࠸ࠊ⛉Ꮫᢏ⾡ࡢᡂᯝࢆே࡜♫఍࡜ࡢㄪ
࿴ࡢୖ࡛᭱ࡶᮃࡲࡋ࠸ጼ࡟ㄪᩚࡍࡿࡓࡵࡢ⛉Ꮫࠖ࡜ࡉࢀࠊ2014 ᖺ࡟ไᐃࡉࢀ
ࡓ೺ᗣ་⒪ᡓ␎᥎㐍ἲ࡟࠾࠸࡚ࣞࢠࣗࣛࢺ࣮ࣜࢧ࢖࢚ࣥࢫࡢ᣺⯆ࢆᅗࡿࡇ࡜
ࡀỴࡵࡽࢀࡓ 112,113)ࠋࡘࡲࡾࠊ་⸆ရࡢ㛤Ⓨ࡟ࡣ᭷ຠᛶ(࣋ࢿࣇ࢕ࢵࢺ)࡜Ᏻ඲
ᛶ(ࣜࢫࢡ)ࢆኳ⛗࡟࠿ࡅࠊࡑࡢุ᩿ࢆ⛉Ꮫⓗ᰿ᣐ࡟ᇶ࡙ࡁホ౯ࡍࡿᚲせࡀ࠶ࡿࠋ
ୖ㏙ࡋࡓ㸰ࡘࡢࢠࣕࢵࣉࢆᇙࡵࡿࡓࡵ࡟ࡣࠊ་⸆ရ㛤Ⓨࢆ㐍ࡵࡿୖ࡛ࡶࠊࡇࡢ
ࣞࢠࣗࣛࢺ࣮ࣜࢧ࢖࢚ࣥࢫࡢ⪃࠼᪉࡟๎ࡗࡓື≀ᐇ㦂௦᭰ἲࡢ᥎㐍ࡀᚲせ࡛
࠶ࡿ࡜ᛮࢃࢀࡿࠋ 
ࡉࡽ࡟ࠊࡀࢇ໬Ꮫ⒪ἲ࡛౑⏝ࡉࢀࡿᢠࡀࢇ๣ࡣࠊ࠸ࡃࡘ࠿ࡢ✀㢮࡟ศࡅࡽࢀ
ࡿࡀࠊඹ㏻ࡢၥ㢟Ⅼ࡜ࡋ࡚⸆๣⪏ᛶࡢ⋓ᚓࡀᣲࡆࡽࢀࡿࠋ㏆ᖺ࡛ࡣࠊᚑ᮶ࡢᢠ
ࡀࢇ๣࡜ࡣ␗࡞ࡿస⏝ᶵᗎ࡟╔┠ࡋࠊ2000 ᖺ௨㝆࠿ࡽศᏊᶆⓗ⸆ࡀ㛤Ⓨ࣭౑
⏝ࡉࢀࡿࡼ࠺࡟࡞ࡾࠊ๪స⏝ࡀపῶࡉࢀ௒࡜࡞ࡗ࡚ࡣ୺ὶ࡟࡞ࡾࡘࡘ࠶ࡿ 48)ࠋ
㑅ᢥᛶࡀ㧗ࡃࠊ๪స⏝ࡢᑡ࡞࠸ศᏊᶆⓗ⸆ࡀḟࠎ࡜㛤Ⓨࡉࢀࡿ୰ࠊࡑࢀ࡟కࡗ
ุ࡚᫂ࡋࡓࡇ࡜ࡀ࠶ࡿࠋࡑࢀࡣࠊࡸࡣࡾ⮫ᗋୖ࡛ࡢ⸆๣⪏ᛶࡢฟ⌧࡛࠶ࡿ 49)ࠋ
ࡋ࠿ࡶࠊ᪂つ࡞ศᏊᶆⓗ⸆࡟ᑐࡍࡿ⸆๣⪏ᛶࡣࠊᚑ᮶ࡢᢠࡀࢇ๣࡛㉳ࡁࡓ࣓࢝
ࢽࢬ࣒ࡼࡾࡶ⭾኱࡛」㞧࡞⪏ᛶࢆ⏕ࡴྍ⬟ᛶࡀ࠶ࡾࠊࡼࡾ୍ᒙࡀࢇ἞⒪ࡢᅔ㞴
ࡉࡀ⏕ࡌࡿࡇ࡜ࡀᠱᛕࡉࢀࡿࠋ୰࡛ࡶࠊࡀࢇᖿ⣽⬊ࡢᏑᅾࡣ㔜኱࡛࠶ࡾࠊᢠࡀ
ࢇ๣࡟ᑐࡍࡿ⪏ᛶ⋓ᚓࡢ㝿࡟ࠊศ໬(ᖿ⣽⬊ࡢᛶ㉁)࡜࠸࠺ࣇ࢓ࢡࢱ࣮ࡀຍࢃࡿ
ࡇ࡜ࡀࠊࡼࡾᝏᛶᗘࡢ㧗࠸ࡀࢇࢆ⏕ࡴཎᅉ࡜࡞ࡿࠋࡑࡢࡓࡵࠊ⮫ᗋヨ㦂ࡢ๓࡟
ᇶ♏◊✲ࣞ࣋ࣝ࡟࠾࠸࡚ඛ㥑ⓗ࠿ࡘ⥙⨶ⓗ࡞᪂⸆ೃ⿵໬ྜ≀ࡢ⸆๣⪏ᛶ࣓࢝
ࢽࢬ࣒ࡢゎ᫂ࡸඞ᭹࠾ࡼࡧࡀࢇᖿ⣽⬊ࢆ᰿⤯ࡋᚓࡿ⸆๣ࡢ㑅ᐃࡀᚲせ࡛࠶ࡿ
࡜⪃࠼ࡽࢀࡿࠋ 
 
ᮏㄽᩥ࡛ࡣࠊࡀࢇ໬Ꮫ⒪ἲ࡟࠾࠸࡚㞀ᐖ࡜࡞ࡿ⸆๣⪏ᛶ࡟ࡘ࠸࡚ࠊ་⏝ᕤᏛ
ⓗ࢔ࣉ࣮ࣟࢳࢆࡶࡗ᳨࡚ウࡋࡓࡶࡢ࡛࠶ࡿࠋ௨ୗ࡟ྛ❶࡛ᚓࡽࢀࡓ▱ぢ࡟ࡘ࠸
࡚⥲ᣓࡍࡿࠋ 
 
92 
 
➨ 2❶࡛ࡣࠊ⫢䛜䜣⣽⬊䛾୕ḟඖ䠄3D䠅ᇵ㣴䛻䜘䜛⸆๣⪏ᛶ⌧㇟䛾 in vitro䛷䛾
෌⌧䛸䚸䛭䛾 in vivo 䛷䛾┦㛵䛻䛴䛔䛶᳨ウ䛧䚸᪂つ䛺⸆๣⪏ᛶඞ᭹⸆䛾㛤Ⓨ䛾䛯
䜑䛾⣽⬊䜰䝑䝉䜲⣔䜢☜❧䛧䛯䛣䛸䛻䛴䛔䛶䜎䛸䜑䛯䚹䛭䛾⤖ᯝ䚸䜎䛪 in vitro䛻䛚䛔
䛶䚸⫢䛜䜣⣽⬊(HepG2 ⣽⬊)䜢஧ḟඖᇵ㣴(2Dᇵ㣴)䛩䜛䛸ᢠ䛜䜣๣(DOX)䛻ᑐ䛩
䜛 IC50್䛜ప䛟䚸2Dᇵ㣴䛻䜘䜛⸆๣⪏ᛶඞ᭹⸆䛾䝇䜽䝸䞊䝙䞁䜾䛿᭷ຠ䛺⸆≀䛾㑅
ᐃ䛜ᅔ㞴䛷䛒䜛ྍ⬟ᛶ䛜♧䛥䜜䛯䚹୍᪉䛷䚸䝅䝸䜹⣔䝣䜯䜲䝞䞊䛷䛒䜛୕ḟඖᇵ㣴
ᢸయ Cellbed 䜢⏝䛔䛶୕ḟඖᇵ㣴(3D ᇵ㣴)䛩䜛䛣䛸䛷䚸HepG2 ⣽⬊䛾 DOX 䛻ᑐ
䛩䜛 IC50್䛜㧗䜎䜚䚸䛥䜙䛻DOX䛾⣽⬊እ᤼ฟάᛶ㧗䛟䛺䜛䛣䛸䛜♧䛥䜜䛯䚹䛣䛾஦
ᐇ䛿䚸2D ᇵ㣴䛷䛿 MDR1 ➼䛾⸆๣⪏ᛶ䛻㛵୚䛩䜛⸆๣᤼ฟ䝍䞁䝟䜽㉁䛺䛹䛾Ⓨ
⌧䛜ᑠ䛥䛔䛜䚸3Dᇵ㣴䛻䜘䜚 MDR1 ➼䛾Ⓨ⌧䛜ከ䛟䛺䜚䚸in vitro 䛷⸆๣⪏ᛶ⌧㇟
䛜෌⌧䛷䛝䛯䜒䛾䛸⪃䛘䜙䜜䜛䚹ຍ䛘䛶䚸᪤Ꮡ䛾MDR1㜼ᐖ⸆䛷䛒䜛 VRPฎ⌮䛻䜘
䜚䚸⸆๣⪏ᛶඞ᭹⌧㇟䛻䛴䛔䛶 in vitro䛷᳨ウ䛧䛯䛸䛣䜝䚸DOX䛾 IC50್䛜పୗ䛧䚸
᤼ฟάᛶ䛜ᢚไ䛥䜜䛯䛣䛸䛜☜ㄆ䛥䜜䛯䚹䛭䛾䛯䜑䚸Cellbed 䛻䜘䜛 3D ᇵ㣴䛿 in 
vitro䛷⸆๣⪏ᛶඞ᭹⌧㇟䜢෌⌧䛷䛝䜛᪂つ䛺䝇䜽䝸䞊䝙䞁䜾ἲ䜢ᥦ౪䛷䛝䜛ྍ⬟ᛶ
䛜♧၀䛥䜜䛯䚹 
ḟ䛾ẁ㝵䛸䛧䛶䚸䛣䛾⣽⬊䝧䞊䝇䛾 in vitro䛾䜰䝑䝉䜲⣔䛜 in vivo䛷㉳䛣䜛⸆๣⪏
ᛶ⌧㇟䛸⸆๣⪏ᛶඞ᭹⌧㇟䜢෌⌧䛧ᚓ䜛䛛᳨ド䛩䜛䛯䜑䛻䚸in vitro 䛸ྠ䛨⫢䛜䜣
⣽⬊(HepG2 ⣽⬊)䜢⏝䛔䛯⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䜢సᡂ䛧䚸ྠ䛨ᢠ䛜䜣๣(DOX)䛸
⸆๣⪏ᛶඞ᭹⸆(VRP)䜢⏝䛔䛶ື≀ᐇ㦂䜢ᐇ᪋䛧䛯䚹䛭䛾⤖ᯝ䚸⓶ୗ⛣᳜䝰䝕䝹
䝬䜴䝇䛻๪స⏝䛜ぢ䜙䜜䛺䛔 DOX ⃰ᗘ(1 mg/kg, i.v.)䛻䛚䛔䛶䚸⭘⒆య✚䛜ᮍ἞
⒪⩌䛸ẚ㍑䛧䛶἞⒪ຠᯝ䛜↓䛟䚸DOX 䛻ᑐ䛩䜛⸆๣⪏ᛶ⌧㇟䛜㉳䛝䛯䛸⪃䛘䜙䜜
䛯䚹䛥䜙䛻䚸ྠᵝ䛾⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻 VRP(25 mg/kg, i.p.)䛸 DOX(1 mg/kg, 
i.v.)䜢ే⏝䛧䛶ᢞ୚䛩䜛䛣䛸䛷䚸ᮍ἞⒪⩌䛸ẚ㍑䛧䛶㢧ⴭ䛺⭘⒆䛾ቑṪ㜼ᐖ䛜☜ㄆ
䛥䜜䚸⸆๣⪏ᛶඞ᭹⌧㇟䛜ほ 䛥䜜䛯䜒䛾䛸⪃䛘䜙䜜䜛䚹 
᭱ᚋ䛻䚸⸆๣⪏ᛶ䛻㛵୚䛩䜛 MDR1䛾ච␿ᰁⰍ䜢 in vitro(Cellbed䛻䜘䜛 3Dᇵ
㣴)䛸 in vivo(⭘⒆)䛷ᐇ᪋䛧䛶ẚ㍑䛧䛯䚹⤖ᯝ䛸䛧䛶䚸in vitro 䛸 in vivoඹ䛻⣽⬊䛸⣽
⬊䛾᥋╔㒊ศ䛻 MDR1 䛾Ⓨ⌧䛜ᒁᅾ䛧䛶Ⓨ⌧䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䛣䛾䛣䛸䛿䚸
Cellbed䛻䜘䜛 3Dᇵ㣴(in vitro)䛸ື≀ᐇ㦂(in vivo)䛷䛿䚸ඹ䛻MDR1䛻౫Ꮡ䛧䛯⸆
๣⪏ᛶ䜢Ⓨ⌧䛩䜛䛯䜑䚸MDR1 㜼ᐖ⸆(⸆๣⪏ᛶඞ᭹⸆)䛾䝇䜽䝸䞊䝙䞁䜾䜢ᐇ᪋䛩
䜛㝿䛻᭷ຠ䛺⸆≀䛾㑅ᐃ䛜ྍ⬟䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹⤖ㄽ䛸䛧䛶䚸䛜䜣䜢ඞ᭹䛩䜛䛯
䜑䛾⸆๣⪏ᛶඞ᭹⸆䛾㛤Ⓨ䛻䛚䛔䛶䚸ᮏ⣽⬊䝧䞊䝇䛾 3D ᇵ㣴䜰䝑䝉䜲⣔䛿㠀⮫
ᗋヨ㦂䛾⤖ᯝ䜢䜒᝿ᐃ䛧䛯᭷ᮃ䛺䜒䛾䛻䛺䜚ᚓ䜛䛸⪃䛘䜙䜜䜛䚹 
 
➨ 3 ❶䛷䛿䚸⫢䛜䜣⣽⬊୰䛻Ꮡᅾ䛩䜛⫢䛜䜣ᖿ⣽⬊䛾䝣䝻䞊䝃䜲䝖䝯䝖䝸䞊ゎᯒ
ᡭἲ䜢☜❧䛧䚸๪స⏝䛾䛺䛔ᢠ䛜䜣๣䛸䛧䛶◊✲䛜㐍䜣䛷䛔䜛䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊
䝮䠄HL䠅䛻䜘䜛⫢䛜䜣ᖿ⣽⬊䛾ቑṪᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹䜎䛪䚸HL 䛸⮫ᗋ䛷
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౑䜟䜜䛶䛔䜛ᢠ䛜䜣๣(DOX)䜢䚸⫢䛜䜣⣽⬊(HepG2⣽⬊)ᑐ䛧䛶ฎ⌮䛧䚸䛜䜣⣽⬊
䛾ቑṪᢚไຠᯝ䚸⫢䛜䜣ᖿ⣽⬊⋡䚸⭘⒆ཎᛶ⬟䛻䛴䛔䛶᳨ド䛧䛯䚹䛭䛾ᚋ䚸⫢䛜
䜣⣽⬊䝬䞊䜹䞊䛷䛒䜛 CD133 䛸 EpCAM䛾Ⓨ⌧䛸 HL䛾⵳✚䛾㑅ᢥᛶ䛻䛴䛔䛶䛾
᳨ウ䜒⾜䛳䛯䚹 
᭱ึ䛻䚸DOX 䛸 HLฎ⌮䛻䜘䜛 HepG2⣽⬊䛸 Hc⣽⬊(ṇᖖ䛺⫢⣽⬊)䛻ᑐ䛩䜛
⣽⬊ቑṪ䛾ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹DOX 䛿 0.001䡚0.1 μM 䛾⃰ᗘ⠊ᅖ䛻䛚
䛔䛶 HepG2⣽⬊䛸 Hc⣽⬊䛻ᑐ䛧䛶ඹ䛻⃰ᗘ౫Ꮡⓗ䛺ቑṪᢚไຠᯝ䜢♧䛧䚸DOX
䛻䛿⫢䛜䜣⣽⬊䛸ṇᖖ䛺⫢⣽⬊䛾㑅ᢥᛶ䛜ぢ䜙䜜䛺䛛䛳䛯䚹୍᪉䛷䚸HL 䛿 50䡚
200 μM 䛾⃰ᗘ⠊ᅖ䛻䛚䛔䛶 HepG2 ⣽⬊䛻ᑐ䛧䛶䛾䜏⃰ᗘ౫Ꮡⓗ䛺⣽⬊ቑṪᢚ
ไຠᯝ䜢䛧䚸Hc ⣽⬊䛻䛿ቑṪᢚไຠᯝ䜢♧䛥䛺䛛䛳䛯䚹䛥䜙䛻䚸HL 䛻䜘䜛ቑṪᢚ
ไຠᯝ䛿䜰䝫䝖䞊䝅䝇ㄏᑟᆺ䛾⣽⬊Ṛ䛷䛒䜛䛣䛸䛜♧䛥䜜䛯䛯䜑䚸HL 䛿ṇᖖ䛺⫢
⣽⬊䛻ᝏᙳ㡪䜢ཬ䜌䛩䛣䛸䛺䛟䚸⫢䛜䜣⣽⬊䛾䜏䛻㑅ᢥⓗ䛺ቑṪᢚไຠᯝ䜢♧䛩
䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
ḟ䛻 HepG2 ⣽⬊୰䛾 CD133(+)/EpCAM(+)䜢♧䛩⫢䛜䜣ᖿ⣽⬊㞟ᅋ䛾๭ྜ䛻
䛴䛔䛶 DOX䛚䜘䜃 HLฎ⌮ᚋ䛻 FCMゎᯒ䜢⾜䛔ẚ㍑䛧䛯䚹⤖ᯝ䛸䛧䛶䚸DOXฎ
⌮䛧䛯 HepG2 ⣽⬊䛿⃰ᗘ౫Ꮡⓗ(0.001䡚0.1 μM)䛻⫢䛜䜣ᖿ⣽⬊⋡䛜ୖ᪼䛧䚸
HepG2⣽⬊୰䛾 CD133(+)/EpCAM(+)䜢♧䛩ள㞟ᅋ䛿 DOX䛻ᑐ䛩䜛⸆๣⪏ᛶ䛜
㧗䛔䛣䛸䛜♧၀䛥䜜䛯䚹୍᪉䛷 HLฎ⌮䛧䛯ሙྜ䛿䚸⃰ᗘ౫Ꮡⓗ(50䡚200 μM)䛻⫢
䛜䜣ᖿ⣽⬊⋡䛜ῶᑡ䛧䛶䛔䛯䛯䜑䚸HL 䛿⫢䛜䜣⣽⬊䛾ቑṪᢚไຠᯝ䛰䛡䛷䛺䛟䚸
⫢䛜䜣ᖿ⣽⬊䜢㑅ᢥⓗ䛻㜼ᐖ䛩䜛⸆๣䛸䛧䛶᭷ᮃ䛷䛒䜛䛣䛸䛜♧䛥䜜䛯䚹䜎䛯䚸ྠ
ᵝ䛻HepG2⣽⬊䜈 DOX䛚䜘䜃 HLฎ⌮䛧䛯ᚋ䛾⣽⬊䛾⭘⒆ཎᛶ⬟䜢ㄪ䜉䜛䛯䜑
䛻䚸㌾ᐮኳ䝁䝻䝙䞊ᙧᡂἲ䛻䛶ホ౯䜢⾜䛳䛯䚹DOXฎ⌮䛧䛯ሙྜ䚸0.001䡚0.01 μM
䛾⃰ᗘ⠊ᅖ䛷䛿DOXᮍฎ⌮䛸ẚ㍑䛧䛶㌾ᐮኳᇵᆅ୰䛾䝁䝻䝙䞊ᩘ䛜ቑ኱䛧䚸⭘⒆
ཎᛶ⬟䛜㧗䛔⣽⬊䛜⃰⦰䛧䛯䛣䛸䛜♧䛥䜜䛯䚹ຍ䛘䛶䚸0.001 μM 䛷䛿䝁䝻䝙䞊ᩘ䛿
ῶᑡ䛩䜛䛜䚸኱䛝䛺䝁䝻䝙䞊䜢ᙧᡂ䛩䜛⣽⬊䛜ṧᏑ䛧䛯䛣䛸䛛䜙䚸⭘⒆ཎᛶ䛾ᙉ䛔
⣽⬊䛜᤼㝖䛷䛝䛶䛔䛺䛔䛣䛸䛜᥎ᐹ䛥䜜䛯䚹䛧䛛䛧䚸HL ฎ⌮䛧䛯᮲௳䛷䛿⃰ᗘ౫Ꮡ
ⓗ䛺䝁䝻䝙䞊ᩘ䛾ῶᑡ䛜ほ 䛥䜜䚸≉䛻 HL 200 μMฎ⌮䛷䛿㌾ᐮኳᇵᆅ୰䛾䝁䝻
䝙䞊ᙧᡂ䛩䜙䜒ᢚไ䛧䛶䛔䛯䚹 
᭱ᚋ䛻䚸⺯ග⬡㉁ྵ᭷ HL(HL/NBDPC)䜢 HepG2 ⣽⬊䛻ฎ⌮䛧䚸HL 䛾⵳✚䛸
CD133 䛚䜘䜃 EpCAM 䛾Ⓨ⌧䛾㛵ಀ䛻䛴䛔䛶 3 㔜ᰁⰍ䜢⾜䛔䚸FCM ゎᯒ䜢⾜䛳
䛯䚹⤖ᯝ䛸䛧䛶䚸HL/NBDPC 䛿 25䡚200 μM 䛷 1 ᫬㛫ฎ⌮䛩䜛䛸⃰ᗘ౫Ꮡⓗ䛻
HepG2 ⣽⬊䜈⵳✚䛩䜛䛣 䛸䛜☜ㄆ䛥䜜䚸䛥䜙䛻䚸 CD133(+)/EpCAM(+) 䛸
CD133(-)/EpCAM(+)䛾⣽⬊㞟ᅋ䜈 HL 䛿᭷ព䛻⵳✚䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹≉
䛻䚸CD133(+)/EpCAM(+)䛾㞟ᅋ䜈䛾⵳✚䛾๭ྜ䛜᭱䜒㧗䛟䚸HL 䛿⫢䛜䜣ᖿ⣽⬊
䜈㑅ᢥⓗ䛻స⏝䛩䜛䛣䛸䛜♧၀䛥䜜䛯䚹⤖ㄽ䛸䛧䛶䚸HL 䛿⫢䛜䜣἞⒪䛻䛚䛔䛶䚸⫢
䛜䜣ᖿ⣽⬊䜢ᶆⓗ䛸䛩䜛᪂つ䛺䝘䝜⢏Ꮚᢠ䛜䜣๣䛸䛧䛶᭷⏝䛷䛒䜛䛣䛸䜢♧၀䛧䛶
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䛜䜣໬Ꮫ⒪ἲ䛻䛚䛔䛶㔜኱䛺ၥ㢟䛷䛒䜛⸆๣⪏ᛶ䜢ඞ᭹䛩䜛䛻䛒䛯䜚䚸㠀⮫ᗋ
ヨ㦂(in vivo)䜔⮫ᗋヨ㦂(䝠䝖䜈䛾἞㦂)䜢ண ྍ⬟䛺⣽⬊䝧䞊䝇䛾ホ౯⣔䜔๪స
⏝䛜ᑡ䛺䛟䛶᰿἞䛜ᮇᚅ䛷䛝䜛ᢠ䛜䜣๣䛾㛤Ⓨ䛜ᮃ䜎䜜䜛䚹ᮏㄽᩥ䛷䛿䚸䛜䜣໬Ꮫ
⒪ἲ䛻䛚䛔䛶་⏝ᕤᏛⓗほⅬ䛛䜙䜰䝥䝻䞊䝏䛧䚸໬Ꮫ⒪ἲ䛾ၥ㢟Ⅼ䛸䛥䜜䜛⸆๣
⪏ᛶ䛻╔┠䛧䛶᳨ウ䜢⾜䛳䛯䚹ෆᐜ䛸䛧䛶䚸⸆๣⪏ᛶඞ᭹⸆䝇䜽䝸䞊䝙䞁䜾䛾䛯䜑䛾
㠀⮫ᗋヨ㦂(in vivo)䜢ண ྍ⬟䛺᪂つ䛺⣽⬊䝧䞊䝇䜰䝑䝉䜲⣔䛾㛤Ⓨ䚸䛚䜘䜃⫢䛜
䜣ᖿ⣽⬊䜢ᶆⓗ䛸䛩䜛᪂つ䛺ᢠ䛜䜣๣䛾㛤Ⓨ䛻䛴䛔䛶ㄽ䛨䛯䚹䛣䜜䜙䛾᪂つ䛺⣽⬊
䝧䞊䝇䜰䝑䝉䜲⣔䜔ᢠ䛜䜣๣䛾㛤Ⓨ䛻䛚䛡䜛▱ぢ䛿䚸་⸆ရ㛤Ⓨ䛾ຠ⋡໬䜔䛜䜣
䛾᰿἞䛻኱䛝䛟㈉⊩䛧䚸᭷┈䛺䜒䛾䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹 
㏆ᖺ䛷䛿䚸་⒪ᢏ⾡䛾Ⓨ㐩䜔◊✲䛾㐍Ṍ䛻䜘䜚䚸䛜䜣䛾᏶἞䛜⌧ᐇⓗ䛺䜒䛾䛻
䛺䜚䛴䛴䛒䜛䚹䛧䛛䛧䛺䛜䜙䚸඲䛶䛾ே䛻䛭䛾ᜠᜨ䛜ᙜ䛶䛿䜎䜛䜒䛾䛷䛿䛺䛔䚹䛭䛾
䛯䜑䚸ᑡ䛧䛷䜒᪩䛟䚸䛺䜛䜉䛟ከ䛟䛾ே䛜䚸ᩆ䜟䜜䜛䛯䜑䛻་⒪䛾Ⓨᒎ䛸ᬑཬ䛜㐍䜐
䛣䛸䜢ษ䛻㢪䛖䚹 
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ㅰ ㎡ 
 
ᮏㄽᩥࡣࠊᓫᇛ኱Ꮫ㝔 ᕤᏛ◊✲⛉ ᛂ⏝⏕࿨⛉Ꮫᑓᨷ ་⏝⏕యᕤᏛㅮᗙ ᯇ
ୗ◊✲ᐊ࡟࠾࠸࡚ࠊᯇୗ⌶ᩍᤵࠊྂỈ㞝ᚿ෸ᩍᤵࡢࡈᣦᑟࡢୗࠊ༤ኈᚋᮇㄢ⛬
3ᖺ㛫࡛⾜ࡗࡓ◊✲ࢆࡲ࡜ࡵࡓࡶࡢ࡛࠶ࡿࠋ 
 
ᮏ◊✲ࡢ㐙⾜࡟࠶ࡓࡾࠊ⤊ጞᚚぶษ࡞ᚚᣦᑟ࡞ࡽࡧ࡟ᚚ㠴᧡ࢆ㈷ࡾࠊᮏㄽᩥ
ࢆసᡂࡍࡿୖ࡛ࡶጞ⤊ᚚᣦᑟୗࡉ࠸ࡲࡋࡓᯇୗ⌶ᩍᤵ࡟ㅽࢇ࡛ឤㅰ⮴ࡋࡲࡍࠋ
ࡲࡓྠࠊ ◊✲ᐊ࡛⤊ጞᚚぶษ࡞ᣦᑟ୪ࡧ࡟ከ኱࡞ᚚຓຊࢆᢎࡾࡲࡋࡓྂỈ㞝ᚿ
෸ᩍᤵ࡟῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࡢ㐙⾜࠾ࡼࡧㄽᩥసᡂ࡟࠶ࡓࡾࠊ⤊ጞ࡞ᚚぶษ࡞ᚚᣦᑟ࡞ࡽࡧ࡟ᚚ㠴
᧡ࢆ㈷ࡾࡲࡋࡓᯇᮏ㝧Ꮚᩍᤵ࡟ᚰࡼࡾ῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏㄽᩥࢆసᡂࡍࡿ࡟࠶ࡓࡾࠊ཭㔜❳୍ᩍᤵ࡟㈗㔜࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ
㈷ࡾࡲࡋࡓࠋࡇࡇ࡟ᚰࡼࡾ῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࢆ㐙⾜ࡍࡿ࡟࠶ࡓࡾࠊ㈗㔜࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ㡬ࡁࡲࡋࡓᚋ⸨
ᾈ୍ᩍᤵ࡟ㅽࢇ࡛ឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࢆ㐙⾜࠾ࡼࡧㄽᩥࢆసᡂࡍࡿ࡟࠶ࡓࡾࠊ㐺ษ࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝ
ࢆ㡬ࡁࡲࡋࡓᕷཎⱥ᫂ᩍᤵ࡟ᚰࡼࡾឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࡣࠊ᪥ᮏࣂ࢖࣮ࣜࣥ(ᰴ)࡜ࡢඹྠ◊✲࡛ࡍࠋCellbed®ࡢస〇࠾ࡼࡧᚚ
ᥦ౪ࠊษ∦ࢧࣥࣉࣝࡢస〇࡜ᰁⰍࠊ➨ 2 ❶ࡢෆᐜ࡟ࡘ࠸࡚ᚚຓゝࢆ㡬ࡁࡲࡋ
ࡓࠋࡇࡇ࡟ཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
ᮏ◊✲ࡣࠊཌ⏕ປാ┬ᅜ❧་⸆ရ㣗ရ⾨⏕◊✲ᡤࡢ▼⏣ㄔ୍༤ኈ࡜ࡢඹྠ◊
✲࡛ࡍࠋ➨ 3❶ࡢෆᐜ࡟ࡘ࠸࡚ᚚຓゝ࠾ࡼࡧᚚពぢࢆ㡬ࡁࡲࡋࡓࠋࡇࡇ࡟ཌࡃ
ᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
ㅮ⩏ࡲࡓࡣࢭ࣑ࢼ࣮➼ࢆ㏻ࡌ࡚ࠊᮏᏛᛂ⏝⏕࿨⛉Ꮫᑓᨷࡢㅖඛ⏕᪉࡟ࡣከ
኱࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ㡬ࡁࡲࡋࡓࡇ࡜ࢆㅽࢇ࡛ឤㅰࢆ⏦ࡋୖࡆࡲࡍࠋ 
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ඃࢀࡓ◊✲ᡂᯝࢆṧࡋ࡚࠸࠿ࢀࡓඛ㍮᪉ࢆࡣࡌࡵࠊⱞᴦࢆඹ࡟ࡋ࡚ࡁࡓྠ◊
✲ᐊࡢᏛ⏕ㅖẶࡸ༠ຊࡋ࡚㡬࠸ࡓᯇᮏ◊✲ᐊࡢᏛ⏕ㅖẶࠊ࡟῝ࡃឤㅰ⮴ࡋࡲࡍࠋ
≉࡟ࠊỈẸᩗᾈ༤ኈ◊✲ဨࠊ᱓ཎၨྖ༤ኈ◊✲ဨࠊዟᮧ┿ᶞྩࠊඖᮧ᐀ㄔྩࠊ
ᒣཱྀⱸᮍࡉࢇࠊⓑᮌ᫂᪥㤶ࡉࢇࠊ୰ᮧⱸ⪨ࡉࢇࠊ㛗㷂ⰼెࡉࢇࠊ᯶ᮏ࿴ᐇࡉࢇࠊ
ᡃ㑣ぞ୍෪ྩࠊᆏ⏣ᮃྩ࡟ࡣࠊᐇ㦂㠃࡞ࡽࡧ࡟⚾஦ⓗ࡟኱ኚ࠾ୡヰ࡟࡞ࡾࠊཌ
ࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
᭱ᚋ࡟࡞ࡾࡲࡍࡀࠊ㛗࠸㛫ຮᏛ࡟ດࡵࡿᶵ఍࡜ከ኱࡞ࡿ⤒῭ⓗᨭ᥼ࢆ୚࠼࡚
ࡃࢀࡓ♽∗ࠊ♽ẕࠊẕࠊᘵ࡟ᚰࡼࡾឤㅰ⮴ࡋࡲࡍࠋ 
 
 
